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616 936-022 931 (Entamoeba) 


THE TREATMENT OE AMOEBIASIS^ 

WITH SPECIAL REFERENCE TO CHRONIC AMOEBIC DYSENTERY 

By W H HARGREAVES 

Entamoeba bistolttjoa is the most important of the intestinal protozoa 
from the medical pomt of view Its distribution is world-wide, and in Britain 
a considerable proportion of the population, probably between 7 and 10 per 
cent , are healthy earners (Dobell, 1921) Amoebiasis is essentially a disease 
of the tropics and sub-tropics, but occasionally it may occur m this country 
in persons who have not been abroad, and it must always be kept in mind 
m cases of ulcerative cohtis (Lockhart-Mummery, 1944) The extensive 
water-borne outbreaks of amoebic dysentery which occurred in Chicago in 
1933 and 1934 showed that the incidence of the disease might reach serious 
proportions even m a temperate zone (Bundesen, 1934 , Hardy and Specter, 
1935) Unfortunately, there is a widespread behef amongst practitioners in 
- this country that hypodermic mjections of emetme will cure amoebic dysen- 
tery , this fallacy was disproved durmg the war of 1914-18, but it is still so 
general that to the average practitioner the mere suggestion of amoebieisis 
serves as an indication for uncontrolled emetine injections (Manson-Bahr, 
1944) This is to be deplored, because if the disease is promptly diagnosed 
and properly treated it usually responds to specific treatment, but if it 
becomes chronic it leads to much suffering and may prove fatal Injections 
of emetme hydrochloride are certainly specific for amoebic infection of the 
liver, but cure only a small number of bowel infections, according to Craig 
(1936) not more than 16 per cent During the war of 1914-18 physicians m 
" this country were confronted by large numbers of men who had developed 
amoebiasis overseas and came home as invahds, and pioneer work was done 
then m the diagnosis and treatment of the infection In the years of peace 
which followed, this work was largely forgotten and general interest in the 
subject waned, only to be revived during the war of 1939-46, when the same 
problem recurred and to a greater extent The history of many of the 
mvahds retmnmg to this country last year dated from the fall of Burma m 
1942, when conditions were difficult, and m many mstances men with 
dysentery on reaching India had to be treated as out-patients at hospitals 
which were overfiowmg Drugs were scarce and malnutrition and malana 
were rife amongst the men who escaped back into India, so it is not surprising 
that these chrome cases occurred (Hargreaves, 1946) In 1944, Leishman 
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and Kolsall, m a review of their previous year’s medical work in a hospital 
m India, stated that one soldier in every four admitted to the hospital with 
diarrhoea was suffering from amoebic dysentery At the present time, some 
millions of British and American troops are serving in the tropics, so that 
a considerable virgin soil is accessible for E histolytica, and according to 
Mamott (1945), in the South East Asia Command the problem of diarrhoea 
and d^^sentery is second only to that of malaria, and amoebae have been 
isolated in 20 per cent of such cases It seems inevitable, therefore, that 
many more sufferers from amoebiasis will continue to present themselves in 
hospital and private practice throughout this country, callmg for accurate 
diagnosis und efficient treatment Unfortunately, however, the number of 
pathologists and technicians competent to examme stools for protozoal 
infections is remarkably small (Adams, 1944), and the treatment of chronic 
amoebiasis is more than a matter of simple routine, in fact it presents one of 
the major problems of tropical medicine (Napier, 1943) 


Specific Drugs 

The number of methods of treatment which have been advocated for 
amoebiasis and for which success has been claimed is almost bewildering 
Dysenteno sj’mptoms are sometimes cured by rest m bed and nursmg alone, 
passing off spontaneously without any other treatment, but in all such cases 
the patient becomes a convalescent carrier of the parasite, remaining infected ^ 
and liable to relapse at any time (Dobell and O’Connor, 1921) Specific 
curative action, therefore, cannot be claimed for any drug until, m addition 
to the chnical recovery of the patient, there is conclusive evidence from 
adequate microscopic examinations of the stools after its administration 
that he is no longer infected with E histolytica, and of course there must be 
no possibihty that the ongmal diagnosis was incorrect, and no question of 
the competence of the protozoologist who made the negative exammations 
The approximate value of ^negative examinations’ of the stools was shown 
by Dobell (1917), and Dobell and O’Connor (1921) considered it desirable to 
keep all treated coses imder protozoological observation for at least a month 
after treatment In the Services it is insisted as a rule that before a patient 
leaves hospital he must have bad adequate tests of cure, and if he reports 
sick again at hie unit he is usually sent hack to hospital This is a different 
state of affairs from civil hfe, where the patient’s time may he precious and 
he may hesitate to report relapses for fear of being laid up agam for more 
treatment This may possibly be one of the reasons why some of the forms 
of treatment which m peace-time were considered to be successful have been 
found unsatisfactory during recent years 

Eineiine must be given first place m any review of specific remedies, not 
only for historical i-easons, but because in fact it has a more specific action 
on E histolytica than any other available drug (Adams, 1944) Emetme is one 
of the alkaloids obtamed from ipecacuanha, the root of the Rubiaceous plant 



THE TREATMENT OF AMOEBIASIS 


3 


CepJutehs tpecaomnlta or Brazil Root Originally a native remedy in South 
Amenca, ipecacuanha was mtroduced into Europe m the seventeenth cen- 
tury, being sold to the French Government as a secret remedy and used by 
Helvetius, who treated Louis XIV with it After this, its use for dysentery 
became widespread, and it was employed empirically until Vedder (1911, 
1912), as a result of his expenments on the action of emetme on free-hving 
amoebae, suggested its use in amoebic infections Then followed Rogers’s 
(1912) classical work, which showed that soluble salts of emetme, given 
hypodermically, had a specific action m amoebic dysentery and hepatitis 
His results were dramatic, and subcutaneous injections of emetme hydro- 
chlonde still remain the specific treatment for amoebiasis of the liver The 
optimum dose for an adult is 8 to 12 grams, given daily m mjeotions of one 
gram, and acute amoebic hepatitis responds quickly to this treatment, the 
symptoms usually subsidmg m two or three days Small mtrahepatic 
abscesses yield rapidly to emetme therapy, and the necrotic tissue becomes 
absorbed without necessitating free dramage (Manson-Bahr, 1943) When 
the amount of pus is too large to be absorbed, aspiration combmed with 
emetme treatment is elffective, and open drainage is not usually necessary 
unless secondary infection has taken place Pulmonary and cutaneous amoe- 
biasis also react readily to mjections of emetme Deep subcutaneous or 
mtramuscular injections are better tolerated and less painful than hypo- 
denmo mjections of emetme, which are hable to cause eczematous patches 
(Manson-Bahr, 1943) Emetme may be given intravenously, but this route 
has no advantage over the others, and toxic effects are more bkely to result 
The fact that amoebic hepatitis is cured dramatically by emetme injections 
18 BO well known that this is probably responsible for the prevailing behef 
that this form of treatment cures amoebic dysentery At the begmnmg of 
the war of 1914-18, emetme injections were m vogue for this disease, but 
even then it was realized that although the treatment controlled the dysen- 
tenc symptoms it did not always cure the infection, and m 1917 DobeU 
found that full courses of daily mjeotions of emetme hydrochlonde, 10 to 12 
grams or more, were successful only m about one-third of these oases 
Emetine Bismvth Iodide {EBT) Du Mez (1916) first suggested the use of 
EBI m amoebic dysentery, but an analogous compound, emetme mercuric 
iodide, had been prepared by Warden m 1891, and Walsh (1891) reported 
favourably upon its chmcal effects m oases of dysentery This, of course, 
was before Schaudmn (1902) identified E histolytica and recognized its patho- 
genicity Dale (1916) suggested that m the cases which were not cured by 
emetme given hypodermically, the drug failed to reach all the amoebae m 
the bowel waU, and he found that EBI given by mouth cleared cases which 
had resisted aU attempts by mjeotion Low and Dobell (1916) were con- 
vinced that EBI by mouth was more effective than emetine injections m 
curmg chrome carriers, and held that xt should thenceforward be generally 
employed m such oases, at all events until a more effective treatment was 
forthcommg In 1918, a team of workers headed by Dobell pubhshed the 
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results of an investigation undertaken for the Medical Research Committee, 
consisting of a study of 1,300 convalescent cases of dysentery On baoteno- 
logioal examination of the stools of those 1,300 patients, no B dysenteriae, 
B typhosusy or B paraiyphosns, wore isolated, but 150 were found to be 
infected with E hrsiohytica These cases were treated with EBI, and the 
conclusion was that 95 per cent of all earners of E Jnstolyiica could be 
cured by the administration of this drug alone, given os an uncompressed 
powder in small gelatin capsules (gr 1 each) As a routine, three grains 
were given each evening for 12 consecutive days, and patients remaining 
uncured by this treatment were given a double course of the drug (three 
grains dnilj^ for 24 days, 72 grains in all) Compressed pills or tablets coated 
with salol, keratin, or stearin were found to bo unsatisfactory, for instance, 
after single courses of treatment there wore 31 per cent failures with keratm- 
coated tablets compared with 8 per cent with the powder m gelatin cap- 
sules or cachets In September 1918, the War Office Committee on Dysentery 
circulated recommendations, drawn up by Dobell and Dale, as to the treat- 
ment of patients infected with E Inslolyticay in the course of which it was 
stated that 

‘Emetine bismuthous iodide is an almost insoluble powder, from which 
emetine is gradually set free by contact with the intestinal juices It is 
important, therefore, that such contact should in no way be prevented by 
the form of administration The following procedures in dispensing have 
been shown to render the compound irregular in action or totally meffective, 
and should bo prohibited — 

(1) Compression of the povder into a hard tablet 

(2) The use of insoluble excipients, such as hquid paraffin, vaseline, or 
resin ointment Soap has also proved unsuitable 

(3) Coating with keratin or stearm ’ 

In the light of these experiences it is surpnsmg to find that at the present 
day, as Manson-Bahr (1944) has pomted out, EBI is still being given very 
often in a form, such as keratin-coated tablets and compressed pills, from 
which it is not liberated Bomford (1944) has ascribed recent failures to the 
use of keratin-coated capsules, which may not dissolve and have been 
recovered from the stools of patients He found it necessary to crush the 
capsules and give them in a spoonful of jam Dobell and O’Connor (1921) 
stipulated that the drug should be obtained from a trustworthy firm and be 
guaranteed to contam not less than 20 per cent of emetine My experience 
during the past year has shown Martmdale’s 'shpules’ of EBI to be satis- 
factory Manson-Bahr’s (1941) results demonstrate conclusively that EBI is 
effective when given in the form which Dobell (1918) advised, of 114 
patients treated with total doses of 20 to 40 grams, he found that only 
6 per cent relapsed 

Emetine compounds said to be leas toxic than EBI have been mtroduced, 
emetme penodide (Martmdale, 1923) and Auremetme, a combmation of the 
hydnodide and penodides of emetme and the dye auramme (WiUmore and 
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Martmdale, 1926), but these have not been found to be as effective as EBI 
(Manson-Bahr, 1941) 

Nausea and sometimes vomiting may follow the administration of EBI, 
and it IS advisable that the patient should be m bed and only a very light 
diet be taken a few hours before the drug is given The vomiting may occur 
very soon after the capsules have been swallowed, the red powder bemg 
returned, or ‘therapeutic vomiting’ due to release of emetme m the small 
mtestme may occur after two to four hours Manson-Bahr (1943) recommends 
that a sedative should be given half an hour before the EBI, for example 
phenobarbitone soluble gr 1, chloretone gr 10, or tmcture of opium min 10 
at 9 30 pm and EBI at 10 pm Efficient EBI treatment is followed by 
diarrhoea with dark brown or blackish stools 

Toxic effects of emetine The toxic effects which may possibly occur as 
a result of the administration of emetme and its compounds are far out- 
weighed by the beneficial action of these drugs m amoebiasis Alarmmg 
symptoms have been reported occasionally m some patients with an idio- 
syncrasy towards emetme, and as a result there has been a tendency to 
exaggerate its toncity Napier (1943) stated that while some adults would 
tolerate and feel better for 36 one-gram doses of emetme hydrochloride m 
as many days, many patients had been senoualy disabled and yet others 
probably killed by a course of 12 grams m 12 days On the other hand, 
Manson-Bahr (1941) found evidence of emetme mtoxioation m only seven 
of 269 patients who had undergone treatment with emetme mjections All 
of these seven patients had been subjected to prolonged courses of mjections 
and had received total amounts rangmg from 70 to 130 grams of emetme 
Boyd (1946) has suggested that the toxicity of emetme may have been over- 
emphasized He quoted his personal experience durmg the war of 1914-18, 
when he was given an mjection of one gram of emetme daily for three 
months Durmg the last month of this treatment he was allowed up, having 
emetme m the morning and alcohol m the evenmg, with no ill effects The 
most dangerous effect of emetine is on the heart, m which it may produce 
degenerative myocardial changes, with a fall of blood-pressure and alterations 
m conductivity, auricular fibrillation may occur (Sayid, 1936) According 
to Bayne (1946), myocardial damage from excessive doses of emetme may 
be missed if the pulse is not examined after exercise He considers that 
personal idiosyncrasy is an important factor A falling blood-pressure is an 
early sign, and there may be alarmmg symptoms when the patient stands 
up, such as dyspnoea, cyanosis, and faintness Craib (1946) has recorded the 
case of a nursing sister with amoebiasis who complamed of exhaustion after 
her fourth mjeotion of emetme An electrocardiogram taken after the fifth 
injection revealed a fiat T wave m lead I and an mverted P wave m lead 11 
The emetine was stopped, and two months elapsed before the electrocardio- 
gram became normal Emetine may also cause mental depression, peripheral 
neuritis, myositis (Young and Tudhope, 1926), desquamation of the skin, 
trophic changes in the nails with enlargement of the lunule, and diarrhoea 
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The last may be confused with the diarrhoea produced by the dysentenc 
process After a course of EBI, stiffness may persist m the legs for a con- 
siderable time (Manson-Bahr, 1943) 

The aclxon of emetine In 1928, Laidlaw, Dobell, and Bishop showed that 
a minute concentration of emetine, 1 in 5,000,000, was lethal for E hsiolytica 
if it was in constant contact for a period of up to four days, provided that 
tlic medium did not become too acid Their expenments showed that Boeok 
and Drbohlav’s (1925) medium, consisting of solid and fluid, ^^as quite 
unsuitable for testing the amocbicidal action of alkaloids On incubation, 
a large but variable proportion of the emetine added to the serum passed 
into the coagulated egg, so that although a knovn amount of alkaloid might 
have been added to a given culture, the actual concentration present in the 
liquid, and acting upon the amoebae, rapidly became unknown and uncertain 
The} devised a medium of fluid only, and found that the reaction of the 
medium vas important, as this affected the atnoebicidal efficacy of the 
emetine The final pH of the cultures was variable, and more regular results 
wore obtained when the medium was buffered The only possible faffacy 
remaining was the bactcnal factor, which was not controllable However, 
Dobell (1946) has been able to grow" E hislohjiica in culture with a single 
known strain of bacterium, and on repeating the original expenments with 
this extra precaution has confirmed his previous work In fact, in these 
more rigidly controlled experiments, the amoebae appear to be if anythmg 
even more sensitive to emetine than was found ongmally They are unable 
to survive for three or four days in concentrations of even less than 1 part 
of emetine hydroohlonde in 5,000,000 at a pH of 7 2 

The reason for tins lengthy consideration of emetine and its compounds is 
that this is the only anti-amocbic drug whose specific action on E histolytica 
has been fully investigated and proved scientifically As Adams (1944) has 
said, there is an urgent need for fundamental mvestigation m order to make 
the testing of new drugs in amoebiasis more scientific and less empirical 
than hitherto Many other substances have been used in the treatment of 
amoebiasis and attempts have been made to find a drug which is as eflScient 
as emetine and its compounds, but which is less toxic for the patient, but as 
yet this search has been without success 

lodtne-oxyqxiinohne com'pounds Glnmofon (BP) (Tatrenj Qmnoxyl, 
Dysenfahn^ Anayodxn) This is a mixture of approximately four parts by 
weight of 7-iodo-8-hydrox}^quinoline-6-8ulphonio acid and one part of sodium 
bicarbonate Muhlens and Menk introduced this drug in 1921 for the treat- 
ment of chrome amoebic dysentery and its sequelae They reported that it 
had high bactericidal properties, and Vogel (1927) found that m a strong 
concentration (1 m 100) it had an amoebicidal action in miro It is a bright 
yellow powder containmg some 28 per cent of combined lodme, and is 
exhibited in the form of piUs and retention enemata The pills contain four 
grains, and the usual dose for an adult is three to four pills thnee daily for 
8 to 10 days, although Gunn (1931) recommended a course of 200 pills given 
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over a penod of four to six weeks The full dose may cause severe diarrhoea, 
and it IS wise to begm with a small dose and mcrease gradually if this is well 
tolerated Manson-Bahr (1943) has found that when given by mouth alone 
it fails to exterminate cysts He noted on repeated sigmoidosoopio examma- 
tions that retention enemata of chiniofon exerted a direct effect upon 
ulceration m the sigmoid colon and in the lower part of the rectum, which 
showed rapid healing The effects of chmiofon, given by the mouth and by 
the rectum simultaneously over a penod of 10 days, were especially good in 
those cases which had become resistant to emetine and EBI, although the 
effects of the treatment were not always permanent (Manson-Bahr and 
Moms, 1925) As a result of this experience, Manson-Bahr decided to try 
the combmed effect of EBI reinforced by chmiofon retention enemata, m 
view of the fact that chmiofon given reotally was particnlarly effective for 
lesions m the lower bowel, where it was improbable that EBI could exert 
full action In his opinion (Manson-Bahr, 1943) this is the most efficacious 
form of treatment for mtestmal amoebiasis yet devised He usually gives 
two grams of EBI at mght, preceded by a sedative, and a chmiofon retention 
enema durmg the day 

After a hght breakfast at 8 a m the bowel is cleansed with an enema of 
2 per cent sodium bicarbonate and at 8 30 a m a retention enema of 2 J per 
cent chmiofon m 7 oz warm water is run m slowly through a number 10 
rubber catheter with the patient on his left side and a pillow under the 
buttocks He is then turned on to his hack for half an hour, then on to his 
right side The abdomen is massaged m an anti-olookwise direction The foot 
of the bed is raised about 12 m on blocks and tbe enema retamed for eight 
hours This is repeated on each mormng for 10 days It is recommended that 
if a relapse should occur after this treatment, the course should be repeated 
and the strength of the chmiofon retention enemata mcreased to 5 per cent 

The relapse rate withm one year of treatment m a senes of 361 patients 
was four per cent (Manson-Bahr, 1944), and this combmed treatment is 
accepted by many physicians as the basis of their standard anti-amoebio 
treatment Dobell, Gettmgs, Jepps, and Stephens’s (1918) recommendations 
regardmg EBI are followed by this author, a 12 -day combmed course bemg 
given, with a nightly dose of three grams of EBI (Martmdale’s shpules, gr 1 
each) The strength of the chmiofon retention enemata may be mcreased 
to five per cent half-way through the course Manson-Bahr (1944) insists 
that strict attention to the details as described is essential 

Vtoforju (lodoohlorhydroxyqmnohne) contains 37 to 41 per cent of iodine 
It IB given by the mouth m gelatine capsules contammg four grams of the 
powder thnce daily for 10 days David, Johnstone, Reed, and Lrcake (1933) 
considered it superior to chmiofon The relapse rate of their oases was 23 per 
cent Manson-Bahr’s (1941) results were unsatisfactory, and all his cases 
relapsed This compound is too imtant to be used for retention enemata 
Diodoqtitn (6,7-duodo-8-hydroxyc[uinoline) This compound, which con- 
tains 64 per cent of lodme, is a tasteless and non-toxic drug which was first 
produced in Amenca m 1935 Craig’s (1937) report to the manufacturers 
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was most encouraging and both Silverman (]937) and Hummel (1939) pub- 
lished dramatic results, both claiming 100 per cent cures in senes of 
patients treated u ith three tablets, gr 3 2 each, by mouth three times 
a day for 20 days In 1940, Craig suggested that diodoqum might be of 
value in the prophylaxis of amoebic dysentery, seven tablets being taken 
daily for 20 days m endemic zones Morton (1945) concluded that this drug 
appeared to bo the best of the oxyquinoline group in the treatment of amoe- 
biasis, being non-toxic and well tolerated in all but a small mmonty of 
cases, of the 78 patients whom he treated, two complained of mild pnintis 
am and two developed abdominal pain and diarrhoea His results, however, 
did not bear out the previous claims made for the drug Approximately 
onc-third of his cases had relapses at a preliminary stage, but he reported 
a dramatic clinical improvement in chronic cases of amoebic dysentery which 
prcviouslj had proved resistant to emetine, and he beheved that diodoqum 
renders their entaniocbae once more sensitive to emetine He felt that the 
most useful role of diodoqum was its administration concurrently with emotme 
injections in amoebic hepatitis Ho has used it in combination with chimofon 
retention cncmata and as a preliminary treatment before a 10-day combined 
course of EBI and chmiofon 

Arstnxeal compounds These have been used for many years m the treat- 
ment of amochmsis Salvarsan was recommended for amoebic dysentery m 
1915 by Ravaut and Krolunitsky, who later (1917) gave it in conjunction 
with emetme Other arsenical compounds wore tried by French workers, 
and in 1923 Marchoux reported success with acotyl-oxy-amino-phenyl- 
arsonio acid {StovarsoJ, Acetarsol (B P ), Sptrocid) In 1926, Dobell and Laid- 
law found that the lethal dose of this compound for E lixsidlyiica tn vitro 
was about ono-tentli of that of emetine Given alone, it is not an effective 
drug — Manson-Babr’s (1941) relapse rate was 87 6 per cent — and it is now 
used mainly as an after-treatment in doses of 4-grain tablets twice dally by 
mouth for 10 days Arsenical poisoning has sometimes followed its use, and 
occasionally a stovarsol rash may occur , an urticarial or rubelliform eruption 
on the face, neck, and trunk, which may bo accompamed by pyrexia and 
glandular enlargement (Aunesley, 1928 , Manson-Bahr, 1943) 

Carbarsone (4-carbamino-phenyl-arsonic acid) is aUied to stovarsol The 
same dosage is used, and it is said to be less toxic, although Epstein (1936) 
reported a fatal case of arsenical poisoning after its use It was ongmally 
prepared by Ehrhoh, and m 1931 Anderson and Reed in Amenca found 
that it was effective in amoebic dysentery, in 1934, they reported 89 per 
cent cures with this drug alone Mateer, Baltz, Marion, and Hollands (1940) 
reported 90 per cent cures with carbarsone alone, and 97 per cent when 
comhmed with retention enemata of chimofon Hummel (1939), however, 
reported 25 per cent failures with carbarsone alone, and Manson-Bahr 
(1941) reported 100 per cent failures Morgan (1944) cited a patient who 
developed amoebic ulceration of the anal skm durmg carbarsone treatment, 
but was subsequently cured with emetme Leishman and Kelsall (1944) have 
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found that it gives symptomatic relief m amoebic dysentery but is not cura- 
tive, and m use it has been relegated by most British physicians to the same 
position as stovarsol Both of these drugs have been given as retention 
enemata, 2 gm in 200 c c of warm sodium bicarbonate solution Other 
arsemcal preparations have been used m the treatment of amoebiasis, the 
most recent being amxbiarson, which is similar to carbarsone in composition 
and action (Chopra, Sen, and Sen, 1935) 

Bxsmvih salts These have held a place in the treatment of amoebic 
dysentery for many years They were strongly advocated by workers in 
Panama (Deeks, 1914 , James and Deeks, 1925), who recommended large 
doses of bismuth submtrate, 180 grams three-hourly in a tumblerful of 
milk or water, and found this effective either alone or with emetine Bismuth 
submtrate and bismuth carbonate are still used by some workers, usually 
combmed with other anti-amoebic drugs (Adams, 1944), but there is no 
evidence that they have any specific action on E histolytica Manson-Bahr 
(1943) thought that they might merely mask the symptoms of an acute attack, 
or possibly render the contents of the colon incompatible to the parasite on 
account of the alkalmity produced 

Other remedies Eurchi bark and its derivatives The bark of Hollairhena 
anii-dysentenca is an ancient Indian remedy for dysentery It ■'contains an 
alkaloid, oonessme, which has been foimd to have some action upon E his- 
tolytica in vitro Kurohine hydrochloride has been used hypodermically and 
by mouth m doses of half to one gram, and kurchi bismuthous iodide was 
mtroduced by Acton and Chopra in 1933, given by mouth in doses of 10 
grains Chopra and Chopra (1942) have reported good results from the use 
of kurchi alkaloids m amoebic dysentery, but others have found them 
unsatisfactory (Manson-Bahr, 1943, Leishman and Kelsall, 1944, Har- 
greaves, 1944) Other native remedies are BtiU used m some parts of the 
world, notably ya tan tsu (kho-sam), the seeds of Brucea sumatraTUi, m Chma 
(Liu, 1937 , Wu, 1943) , Chaparro Armagosa, an extract from the bark or 
leaves of the Mexican plant Oastela nicholsoni, Simaruba, made from the 
bark of another plant of the same family as the previous two , Uzara, derived 
from an African plant of the family Asclepiadaceae , also Bael fruit Bitter 
crystalhne pnnoiples have been obtained from Gastela nicholsoni and Sima- 
ruba, both of doubtful therapeutic action (Lillie and Shepheard, 1917) 
Thorium salts, oil of chenopodium, adrenahn, benzyl benzoate, tannm, and 
iodoform are among numerous other substances which have been given by 
mouth m the treatment of amoebiasis, and also various medicated bowel 
washes have been used, for instance, nvanol, silver mtrate, eusol, iodoform, 
and mepaenne Of the substances enumerated above, those generally in use 
today are emetme and its compounds, the lodme-oxygmnolme and arsemcal 
compounds, and bismuth salts At this stage, before proceeding to discuss 
the modem treatment of amoebiasis in more detail, it is worth reflectmg on 
the lesions which E histolytica produces m man and the many cluucal 
mamfestations which may result It will be seen that each case of amoebic 
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dysontory must bo regarded as a separate olmical problem, it is unbkely 
that any one drug alone will over cure all cases, even though this drug be 
less toxic than emetine, more easily tolerated, and equally lethal towards 
E Instolyhca 


Pathological and Clinical Considerations 

E histolytica is a tissue parasite which lives upon living tissues only, and 
apparentl}" cannot nourish itself in any other way (Dobell and O’Connor, 
1021) It normally lives at the expense of the tissues forming the wall of 
the intcBiinc The largo intestine is its usual home, though it may attack the 
small intestine ns ’v\cll (Biggam, 1930), and it has been isolated from the 
duodenum (Weselmnnn, 1942) The amoebae erode or ulcerate the limng of 
the gut, and thus must always produce a more or less pathological state in 
the bowel of their host The infected subject may be a healthy carrier and 
indistinguishable from a normal healthy person, or he may suffer from 
a fatal illness, and between these two extreme conditions all intermediate 
stages mn> occur The use of the term c^^st-carricr is to be deprecated, for 
ever} person who passes cysts must have vegetative amoebae hvmg on 
the tissues of his bowel wall and completing their normal development 
Most infected persons arc healthy earners and live with their parasites m 
a state of equilibrium, regeneration on the part of the tissues keeping pace 
with the cellular destruction brought about by the cytolytic ferment secreted 
by the amoebae When this cquihbnum does not exist or ceases, the super- 
ficial erosion of the bowel gives place to ulceration, the amoebae multiplying 
and passing more deeply mto the tissues, breaking through the musculans 
mucosae into the submucous layer, where they undermine the mucous 
membrane and produce characteristic ‘button-hole’ ulcers These may 
coalesce and lead to large areas of ulceration, when secondary bacterial m- 
fection from the intestme occurs In severe cases the muscular coat may be 
penetrated, giving rise either to perforation and general peritonitis or the 
formation of adhesions to neighbouring structures 

The liver of an infected person is always liable to attack by invading 
amoebae, as they may enter the blood-stream through eroded blood-vessels m 
the wall of the bowel and pass up through the portal vem to the liver, where 
hepatitis and liver abscess may result Thus symptoms of amoebiasis of the 
hver may develop with or without mtestinal symptoms or after they have 
subsided From the hver the amoebae may pass into the systemic circula- 
tion and reach other organs, where they may colomze, for instance, the 
lungs or the bram Amoebic abscesses of the bram have mvariably proved 
fatal 

The symptomatology of intestmal amoebiasis is extremely variable, and 
almost any gastro-intestmal trouble may be simulated The disease process 
in the bowel may be so acute that large portions of mucous membrane may 
become gangrenous and slough, but this is exceptional and even when 
dysentenc symptoms are present the patient may be leadmg to active life 
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Cases of intestinal amoebiasis may be classified clinically as mild or latent 
forms, forms witb acute onset, and advanced and chronic forms Patients m 
the last category usually have recurrent bouts of diarrhoea with blood and 
mucus accompanied by colichy pain The stools may he formed between the 
attacks though they also often contain some mucus and blood Payne (1945) 
has recorded a fatal case with extensive ulceration without diarrhoea or 
obvious blood or mucus in the stools There is often loss of weight and 
anaemia Usually the caecum and descending colon, and often the hver edge, 
are palpable and tender Intussusception has been reported (Parry, 1945) 
In severe chronic cases, there are often extensive adhesions and thickening 
of the bowel wall with narrowing of the lumen and occasionally tumour-hke 
masses, ‘amoebic granulomata’ or ‘amoebomata’ These changes (Morgan, 
1944) are the result of repeated amoebic invasion -of the bowel together with 
a superadded pyogenic infection, causing a progressive inflammatory lesion 
The inflammatory process spreads through the bowel wall into the pencohc 
and perirectal tissues The resulting area of thickening consists of fibrous 
tissue, overgrowth of granulation tissue, and varying degrees of ulceration 
The wall of the gut is destroyed and small abscesses may be present in the 
centre of the mass There is considerable round cell infiltration , lympho- 
cytes and eosinophils are present m large numbers Typical amoebic ulcers 
may be present, or on the other hand no evidence of amoebiasis may be 
forthcommg In the latter case, it is likely that the parasites are dwelling 
in the depths of the gradually forming granuloma The usual sites for such 
a process are the rectum, rectosigmoid junction, the colonic flexures, and 
caecum When a local mass develops , the differential diagnosis from carcinoma 
18 difficult and often impossible, even when it is withm reach of the finger or 
the sigmoidoscope, and a biopsy may be necessary to exclude carcinoma 
even when amoebae are found m the stools, and carcinoma and amoeboma 
may co-exist Sometimes in the early stages of amoeboma formation the 
whole mass may disappear after emetine treatment, hut later, secondary 
infection, fibrosis, and colomc distortion may prevent this, and Morgan (1944) 
has found excision of the mass necessary on account of obstructive symptoms 
or because the exclusion of carcinoma is impossible 

Hummel (1939) stated that scarring and stricture formation m the upper 
tectum and colon may ensue as a result of secondary pyogenic infection 
I have found two patients with rectal strictures in a senes of 268 cases of 
chronic amoebiasis durmg the course of the past year One of these patients 
required a temporary colostomy and excision of the stncture 

He was a sergeant-major aged 36 years who contracted amoebic dysentery 
in India in March 1944 In May 1944 a perirectal abscess developed This 
burst into the rectum a month later and with the subsequent improvement 
m his general condition there was difficulty m defaeoation, his faeces being 
shaped ‘hke a thm snake’ This difficulty increased, and he was mvalided 
^ home In May 1945, sigmoidoscopy revealed a fibrous sheet stretching 
across the upper part of the rectum, in the centre of which was a small 
round aperture less than 1 cm m diameter 
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The Choice of Trcaiment 

The preceding brief account of the clinical and pathological aspects of 
nmoebiasis cannot fail to ompliasizo the fact that early diagnosis and proper 
troatinont arc of the greatest importance in this disease, and that the longer 
the infection has lasted, especially if dysenteric symptoms have occurred, 
the more difTicult is the cure In an early case, the amoebae in the bowel 
w all may bo comparatively easy of access for drugs, but later specific drugs 
may bo prevented from reaching the amoebae as a result of local mflamma* 
tory changes, and there is little wonder that the treatment of chronic 
amoobmsis has proved a difficult problem Again, it is very unlikely that 
anj^ two cases of araocbiasis o\er have identical lesions, so that no two senes 
of cases can ever bo strictly comparable 

Jlost authorities of the present da^ are agreed that the best chances of 
cure are held out b} use of a combination of specific drugs In spite of its 
unpleasant effects, EBI gr 3 given on 12 consecutive nights as a loose 
powder in gelatine capsules each containing gr 1, as recommended by 
Dobell, Gettings, Jepps, and Stephens (1918), appears to be the most 
effective basis of treatment Daily retention encmata of chiniofon combmed 
with this, as advocated by ^lanson-Bahr (1941), render the cure more certam 
If there are dj^sontenc s^^mptoms or if hepatitis is suspected, it is rational to 
precede this combined course with six daily hypodermic injections of emetme 
h3drochlondo gr 1, which almost invariably give symptomatic rebef The 
patient should remain m bed throughout emetine and EBI treatment As 
an after-treatment, it has been the custom of many physicians to give 
a course of one of the arsenical compounds, usually stovarsol or carbarsone, 
gr 4 twice daily for 10 to 12 da^'^, but recent work suggests that a course of 
diodoqum, three tablets (gr 3 2 each) three times a day for 20 days, might 
be substituted for the arsemcals wuth benefit The patient can be up and 
about during this after-treatment The combined treatment as described 
above followed by a course of stovarsol was found last year to be more 
effective than a combmed treatment m which for 21 days bismuth carbonate 
was given throughout, w ith aureraetine gr 1 thrice daily on the odd days 
and chimofon retention enemata and stovarsol gr 4 thrice daily on the 
even days There were 16 per cent failures with the former course and 52 5 
per cent failures with the latter (Hargreaves, 1945), which Lamb and 
Roj^ton (1946) also found to be unsatisfactory As has already been shown, 
several days continuous action of emetine is necessary to kill E histolytica 
in vitrOy and this is the rationale for giving dailj’' doses of EBI 

Payne (1946), m two j^ears’ experience m Eastern India, found in treating 
primary cases that a course of treatment with 10 to 12 daily mjeotions of 
emetine gr 1, followed by carbarsone 0 26 gm twice daily for 10 days, cured at 
the most only 50 per cent of the cases Forty per cent of his patients passed 
cysts withm three weeks after the end of the treatment, and although 
carbarsone cleared most of these, 10 per cent stdl needed more emetme or 
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a combined course of EBI and ohimofon He reported that five per cent of 
his cases were resistant His treatment was largely dictated by the drugs 
which were available, and he concluded that more thorough treatment of the 
initial attack with EBI and ohimofon retention enemata might reduce the 
number of chrome resistant cases Sulphapyridme and sulphaguanidme 
given orally were found to relieve acute symptoms, but did not affect the 
amoebae Marnott (1946) advised that m any particularly acute case of 
dysentery where E histolytica is identified, a course of sulphaguanidme 
should be given while emetine injections are bemg administered He stated 
that bacillary and amoebic infections often co-exist, and any very acute 
attack of dysentery should be suspected os bemg possibly bacillary dysentery 
affecting a patient harbouring amoebae 

As the result of his recent work with diodoquin, Morton (1946) has 
suggested that a course of treatment with six injections of emetme hydro- 
chloride together with three tablets of this drug by mouth thnee daily for 
20 days should be tried in primary amoebiasis overseas, and that a controlled 
series of patients should be compared with a similar series treated with 
emetme, EBI and ohimofon In my experience, a 20-day course of diodoqum 
has at times proved effective m olearmg healthy earners who have had to be 
treated as ambulant oases 


Refractory Gases of Chronic Amoebic Dysentery 

The treatment of an early case of amoebic dysentery is by no means 
speedy, taking some five or six weeks if the patient is to be given every 
chance of a cure, but the chronic case presents a far more complex and 
difficult problem Some of the men who arrived home last year had been 
under almost contmuous treatment for two years without success Many 
were wasted and bedridden with persistent foul diarrhoea Their stools 
contamed much blood and mucus and many amoebae Some of these men 
had been given standard courses of combined treatment from the start, 
although the EBI had been given m pills or compressed tablets, but the 
usual story was one of repeated courses of emetme injections As already 
stated, the history of many of the worst cases dated from the fall of Burma 
m 1942, when chaos reigned These men were amongst the survivors of the 
long escape route back mto India, during which time many were without 
food, and dysentery and malaria were rife AVhen eventually these men 
reached their goal, often several weeks after the onset of dysentery, there 
were not' sufficient drugs available for effective anti-amoebic treatment, and 
mdeed some of them had to attend as out-patients for emetine mjections at 
hospitals which were already overflowing with patients (Hargreaves, 1945) 
EBI was often unobtamable then, and it was seldom available m India 
durmg the next year Leishman and Eelsall (1944) found that when a 
supply of the drug was obtained it did not help their chrome coses, but they 
did not state the form m which it was given Thus in many of these chronic 
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cases there was a delay before initial treatment could bo obtained, and when 
eventually this was available it was usually inadequate When the men 
reached liospital in this country, only a proportion of them were cured after 
repeated and intensive courses of combined treatment, the residue remaining 
infected despite any course of anti-amoebic treatment which could be 
devised Adams (1944) has suggested two explanations for the intractability 
of the infections Either the men wore infected with an unusually virulent 
and resistant parasite or, ns lie thought, thoir parasites had become resistant 
to the action of emetine as the result of excessive dosage with the drug long 
after it should have been plainly evident that it was not effective He has 
also suggested that an infection made resistant to emetine is less amenable 
In any other available drugs Manson-Bahr (1944) also considers that in this 
way E Insfohjhca may be made craotinc-fnst, ns, in his experience, previous 
intensive emetine treatment lias rendered the disease more difficult tn eradi- 
cate He has recently had success m his refractor} cases as the result of 
preceding anti-amocbic treatment by protein shock therapy, given with the 
idea of desensitizing thorn 

The question of virulence As regards the theory that the refractory oases 
from Burma and India were infected wuth an unusually virulent stram of 
amoebae, full discussion on the question of the pathogenicity of vanous 
strains is bej^ond the scope of the present paper The position is far from 
clear (Hoare, 1944) and needs further investigation, especially as regards the 
theory that there are two main varieties of E Jnsiolylica^ large and small, 
and that amoebae of the small variety arc non-pathogenic to man No 
work has yet been done to disprove the work of Walker (1911) and Walker 
and Rcllards (1913) who showed that the susceptibility of man is a more 
important factor than any variation in the virulence of the amoebae in 
determining the pathogenicity of E hxslolylxca This probably depends to 
gome extent upon the en\nronmcnt which the amoebae find in the intestine 
There has been no report of any cases occurring m this country amongst the 
contacts with repatriates from Burma and India, and such might surely 
have been expected if these men were infected with particularly virulent 
strains of amoebae Westphal (1938) and Deschiens (1939) believed that the 
flora associated with the amoebae are important m determining its patho- 
genicity The former’s conclusion was based upon an experiment m which he 
himself swallowed washed cysts of E hxslolytica, after which he passed 
numerous vegetative forms and cysts without suffenng from symptoms 
Eight months later, he and a fnend each drank a suspension of amoebic 
dysentery stool w'hicb was said to contam no cysts They both had symptoms 
of cohtifl after this, but whereas his fnend soon recovered, Westphal himself 
developed amoebic dysentery a month later It is difficult to imderstand 
how any useful conclusion could have been drawn from such a crude 

experiment . , 

Emeiine-resiMance During the war of 1914-18 it was often suggested that 
cases which had been previously treated with emetine were for that reason 
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mote difficult to cure with, the double iodide than those to whom no emetme 
had previously been admmistered^ and that repeated mjections of emetine 
might render the parasites emetme-resistant Dobell, Gettmgs, Jepps, and 
Stephens (1918) could not support these suggestions, many of the patients 
whom they cured with a single course of EBI had had previous courses of 
treatment with emetme mjections One patient had had 100 injections, 
whilst one of the failures had never been treated with emetme m any 
form Agam, in the war of 1939-46, chrome refractory cases have been 
labelled emetme-resistant, on account of the indiscriminate administration 
of courses of emetme injections The work of Halawani (1930) and Bonnin 
and Aretas (1938) has been accepted by some authorities as provmg that 
emetme-resistant amoebae can be produced experimentally in miro Hala- 
wam’s conclusions, however, as regards emetme-resistance in vitro ^ were 
entirely unjustified, because the methods used were so fallacious that no 
conclusion at all could be drawn from hia experiments Firstly, he used 
a sohd-hquid medium with which the experimental error is greater than the 
effects supposed to be produced As explained above, this was shown by 
Laidlaw, Dobell, and Bishop (1928) two years before Halawam’s work 
appeared, and he ignored this Secondly, he also used a liquid medium 
consistmg of dilute egg-white in Rmger’s solution Accordmg to Dobell 
{1945), jB histolytica cannot be cultivated m this at all The amoebae can 
merely survive in it for variable times, depending upon the pH, the bacterial 
flora, and other factors, all of which Halawam ignored Bonnm and Aretas 
(1938) also claimed to have produced emetme-resistant strains of E histolytica 
in vitro Their methods were similar to those used by Halawam, and their 
conclusions are therefore open to the same criticisms They agam made no 
reference to the work of Laidlaw, Dobell, and Bishop (1928) In aU attempts 
by Dobell (1946) to produce emetme-resistant strams of E histolytica by 
growmg amoebae m media contauung the alkaloid, the results have been 
negative 

Secondary bacterial infection The important part played by bacteria m 
preventmg a response to anti-amoebic treatment was agam emphasized 
in May 1944 by the post-mortem findings when a patient died m spite of 
repeated courses of standard treatment This was at a Mihtary Hospital 
which was a special centre for intractable cases of chronic amoebic dysentery 
(Hargreaves, 1944, 1946) The peritoneal cavity contamed turbid fluid and 
there were many adhesions and loculi of thick pus The wall of the lower 
part of the ileum and the whole of the large bowel was dark m colour, 
thickened, and rigid, and the mucous membrane was necrotic In places the 
necrotic processes extended deeply mto the muscular layer of the wall and 
many perforations were found, some being sealed off by the omentum 

At that time another patient m the same hospital appeared to be mon- 
bund. This man had been mvahded from India, where he had been under 
almost continuous treatment for amoebic dysentery since 1942 He had 
arrived home m December 1943, and four months later, as there had been 
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no respon^^o to two courses of anti-amoobic treatment, he was transferred to 
the special centre, where ho continued to go downhill in spite of treat* 
ment Ho was cachcotio and pyroxial with persistent abdominal pain and 
n ns passing some 20 foul stools daily, contaimng blood and many amoebae 
His colon was o’^quisitely tender and appeared to bo thickened throughout 
its length Tlicro was n Icucooytosis of over 20,000 cells per c mm Sigmoi- 
doscopy was impossible owing to pain, but the lower part of the rectum was 
seen to bo severely ulcerated, the intervening areas of mucous membrane 
being injected and oedomatous Ho was not considered fit to stand an 
operation for ileostomy and needed repeated admmistrations of morphia to 
rehovo his pam Penioillm was available then for special coses, and it was 
decided to try this ns a last resort The patient was given an initial dose of 
100,000 units intramuscularly followed by 33,000 umts three-hourly, up to 
a total of just over 1,000,000 units The result was dramatic , 24 hours after 
starting the treatment he uns free from pain and apyrevial, and after two 
days he passed a normally formed stool He rapidly put on weight, but 
amoebae were still present m the stools, and after two weeks there was 
a recurrence of diarrhoea with blood He was then given another course of 
penicillin, this time a total of 2,260,000 units, and again his symptoms 
subsided and his lower bowel was found to be healthy on sigmoidoscopy 
His stools still contained amoebae, and ho was given a standard course of 
anti-amoobic treatment Four months later, ho was well and free from 
symptoms Six daily examinations of the stools wore negative, and sigmoido- 
scopy wos normal Tins man’s life was undoubtedly saved by pemciUin, 
wliicb was given subsequently to 47 other severe cases with good results, in 
courses of 2,000,000 units, 100,000 units initially, followed by 33,000 units 
three-hourly Willmore (1944) has also found pemciUm to be beneficial m 
chronic amoebic dysentery, improving the clinical condition dramatically 
Any of the bacteria normally present in the lumen of the bowel may gam 
access into the bowel wall through the ulcerated mucosa, mcluding numerous 
strains of streptococci and staphylococci which are pemcillm sensitive With 
the object of combating some of the organisms which are not sensitive to 
penicillin, sucemyl sulphathiazole (sulfa suxidme) is now given concurrently 
by the mouth Mackenzie’s (1944) work with this drug has shown that 
a dosage of 20 gm daily is most effective in reducing the Gram-negative 
organisms m the stools Neither pemcilhn nor sulfasuxidine has been found 
to have any appreciable effect on E histolytica, but repeated sigmoidoscopic 
examinations during this treatment have shown that improvement occurs in 
the condition of the bowel The oedema and hyperaemia of the mucous 
membrane is seen to subside, with the result that the ulcers become more 
superficial in appearance, and healing often begins before specific anti- 
amoobic treatment is given After this preliminary treatment, only occa- 
sionally have more than one combmed course of EBI and chiniofon retention 
enemata been necessary to clear the amoebic infection, and no clmioal 
evidence of emetine-resistance has been found Some cases needed more 
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than one course of penicillin and stQfasnxidine for example, one patient 
Tvith multiple penxectal abscesses and another who had a large hard craggy 
tumour in the region of the splenic flexure In the latter patient a large 
fillin g defect was demonstrated radiographically, and oaromoma of the colon 
was suspected The tumour showed no response to treatment with emetme 
injections, but when these were repeated after two courses of penicillin the 
mass disappeared completely Before the days of pemciUm it would have 
been necessary to excise this tumour 

Surgery This recent advance m treatment should thus obviate the 
necessity for surgical operations in many cases where hitherto they would 
have been unavoidable, and drastic procedures such as ileostomy, appen- 
dicostomy, and coecostomy, which have sometimes been used in the past as 
a last resort for severe oases of chrome amoebic dysentery, should not be 
necessary If local tumours persist in spite of treatment with pemciUm and 
emetme, surgery should not be delayed Morgan (1944) removed a oaecal 
mass from a patient with chrome amoebiosis, and even after removal the 
tumour was thought to be an amoeboma,bat tmoroscopio examination revealed 
that it was an adenocaromoma Incidentally, many cases of amoebiasis have 
been operated upon mistakenly for appendicitis In one of the Chicago 
epidemics appendiceotomy was performed in 32 cases, of which 13 died 
(Strong, 1945) Payne (1945) recorded two oases of amoebic typhhtis which 
were opened under the impression that they were suffering from appendicitis, 
and at operation plastic pentomtis was found 

The idea of attacking bacterial mvaders m this disease is by no means 
new For instance, medicated bowel washes and retention enemata have 
been m use for many years, and the lodme-oxyqmnoline group of drugs in 
particular have a bactencidal effect by virtue of theix high lodme content 
Agam, Acton and BLnowles (1928) and Napier (1943) advocated the use of 
vaccines prepared from organisms isolated from the stools and obtamed 
from ulcers by means of tbe sigmoidoscope, holdmg that if secondary bacterial 
infection were overcome the tissues were better able to deal with the amoebic 
infection The dramatic response shown by chrome refractory oases to 
modem antibacterial agents, and their subsequent cure by standard anti- 
amoebic treatment, leaves little doubt that as the result of the elimination of 
secondary mfeotion the amoebae become easier of access for specific drugs 

Sigmoidoscopy The sigmoidoscope is of most value m the diagnosis of 
amoebiasis, but it is also a useful guide m the treatment of cases with 
ulceration within its reach As already shown, the lesions can he seen to 
change considerably durmg treatment. Manson-Bahr (1943) has found 
epitheliahzation to occur withm 12 days from the start of his combined 
treatment The knee-chest position is easiest for the operator, but if the 
patient is too ill to maintain this the lateral position is usually employed In 
patients with severe ulceration, proctoscopy may be sufficient , 60 per cent 
of all cases show lesions in the rectal ampulla (Payne, 1946) Sigmoidoscopy 
should always be preceded by digital examination of the rectum If this is 
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not done, palpable caremotnata may bo missed, as superficially they may 
resemble amoebic lesions Again, infiltrated malignant glands may sometimes 
bo felt through the rectum when no visible lesion can be detected (Manson- 
Bahr, 1943) 

General Treatment 

If the patient has severe dysentone symptoms, a fluid diet only may be 
tolerated, but it is generally agreed that as soon as possible a high calorie 
diet should bo given Payne (1 945) found that diet made very httle difference 
and that the maintenance of good nutrition and attention to the vitamin 
intake, especially the B group, was more important than the need for a low 
residue diet Sometimes the intravenous administration of salines, plasma, 
or blood ma 3 " be indicated Thurston (1945) has seen oedema of the legs and 
ascites occur ns the result of hypoprotoinaemia in chronic chses in India 
Many patients have arnted back in England emaciated and in some cases 
very short of vitamins, and some have had symptoms and signs of ben-ben 
(Priest, 1944) Ruffin (1943) advised a well-balanced diet supplemented by 
large doses of nicotinic acid, thiamine, and nboflavine Great patience has 
to be cvcroised in treating cases of chronic amoebic dysentery A cheerful 
ward sister is a great boon as, ps 3 mhologically, men who have been in hospital 
continuously for many months and had repeated courses of treatment with- 
out success tend to reach a pathetic state of depression and to give up hope 
All treatments must bo stnctly supervised, especially the administration of 
EBI on account of its unpleasant effects 

Posi-dysentenc symptoms After severe amoebic dysentery it is often found 
that residual intestinal sjunptoms may persist for several months At 
sigmoidoscopy on the completion of treatment the colon frequently shows 
a tendency to spasm, and there may be symptoms of a brisk gastrocolic 
reflev Such s 3 miptoms are often benefited by the administration of a pill 
contaming dry extract of belladonna gr J and codeme sulphate gr \ after 
breakfast Sometimes obstinate constipation may occur, and this can usually 
bo rchoved by hquid paraffin or agar emulsion 


Tests of Cure 

Dobell’s (1917) investigations show that negative protozoological examma- 
tions of the stools made dunng the course of treatment are praotioaUy 
worthless as evidence of non-infection To prove that an infection has been 
removed by treatment it is necessary to make at least six negative examina- 
tions covering a period of at least three weeks after the end of the treatment 
These requirements represent an absolute nummum In 1918 the War 
Office Committee on Dysentery recommended one stool exammation m the 
first week after treatment, one (or two) m the second week, and four (or 
three) m the third week It was also recommended that whenever possible 
each case should he examined by the same protozoologist or protozoologists 
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throughout To be more certain of a cure having been effected it is necessary 
to exceed this minimum (Dobell and O’Ckmnor, 1921) The routine tests of 
cure now recommended for chronic cases are as follows (Hargreaves, 1946) 

In the second week after treatment three daily specimens of stools are 
examined and sigmoidoscopy performed If these tests are satisfactory, the 
patient is sent away for a month’s convalescence, after which he is readmitted 
to hospital, provided there has been no return of symptoms, m which case • 
he returns immediately After readmission six further daily stools are 
exammed and sigmoidoscopy is repeated 

Enemy Propaganda 

It is interestmg to note that m the recent war the Germans have also 
realized that amoebic dysentery is a disease fraught with difficulties In 
the Central Mediterranean theatre (Boland, 1945) enemy propaganda leaflets 
were showered upon our troops from the air, and this was one of the condi- 
tions which they were urged to simulate in order to be admitted to hospital 
for long spells and thus to avoid fighting The pamphlet in question reads 
thus — 

‘WORLD WAR NO 2 IS ALMOST OVER 

‘Nobody can say that as a good soldier you haven’t done your duty But 
no man m the world will ever blame you for not wishing to be one of its last 
victims It IS far better for you to be a few weeks ill than all your hfe dead 
You don’t know how to do it? Well, we’re going to teach you the “ rules of 
the game ” 

‘ 1 The doctor should feel strai^t away “ Here is a good soldier who has 
the imsfortune of being ill against his will ” Therefore you shouldn’t exag- 
gerate your lUness 

‘ 2 Make up your mind for one kmd of disease and stick to it 

‘3 Above all you mustn’t tell the doctor the name of the disease you 
pretend to be suffermg from Don’t use any technical terms, doctors don’t 
like that You will never be found out if you say too httle, but you might 
easily be caught if you say too much 

‘Never forget Better a few weeks lU than all your life dead 
‘ Dysentery 

‘ Take a laxative, preferably castor oil (In Itahan Oho di ncmi ) When 
it has begun to work report to your doctor with the foUowmg complaints 
Tell him that you had a severe attack of dysentery some months ago m 
Africa, South Italy or some such place with slime and blood m your motions 
Since that time you notice that heavy foods, such as pork and beans, fat 
meats, etc , produce violent pains m your stomach and diarrhoea Occasion- 
ally your motions have been slimy with red streaks and lumps in them 
Tell the doctor that you nearly always suffer from mild gnawing pama m 
your abdomen high up, especially on the right side, but sometimes also 
lower down on the left side Say that you feel weak and run down 
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* Wlicn the doctor examines you show painful response to pressure on the 
right Ride immediately holoi^ the ribs, also during examination of the right 
kidney 

" Stick to YOur story at the hospital and don’t forget to take a laxative 
from time to time 

‘A few weeks after leaving hospital you might try tho whole thing again * 


Oo7ichtsio7i$ 

If chronic amoebic d\"Sontcry is to be prevented, early diagnosis and 
efficient treatment of amoebiasis arc essential In many of the distressing 
eases of chronic amoebic dysentery invalided home during the war of 1939-45 
there was unavoidable delay in treatment, and when eventually this was 
available it was unsatisfactory^ 

Emetine is the most eflcctivo amoobicidal drug known at present An 
infinitesimal concentration of this alkaloid is lethal for E InsiolyUca in vifro 
if it IS m constant contact for up to four days at a pH of 7 2 Many other 
substances have been advocated ns being specific for amoobinsis, but these 
Imvc mostly been u^^cd on ompmeal grounds only^ and there is an obvious 
need for more scientific testing of new remedies by expert protozoologists 
Emetine injections are specific for amoebiasis of the liver, but contrary to 
widespread belief, they euro only a small percentage of cases of amoebic 
dysentery For this, EBI is the most efficient basis of specific treatment, if 
given QS a loose powder in gelatin capsules, gr 3 nightly for 12 consecutive 
nights Unfortunately it is still being dispensed in compressed pills and 
tablets, although these were shown in 1918 to bo unsatisfactory 

The chances of euro aro increased if daily retention enemata of chimofon 
are combined with the course of EBI The lodme-oxyqumoline compounds, 
of which chimofon is one, v ere mtroduced ns the result of a search to find 
a more pleasant substitute for EBI As well as having a mild amoebicidal 
action, these compounds exert a bactericidal effect upon secondarily’’ infecting 
organisms Diodoquin, the most recent of these drugs to be evolved, appears 
to be the most potent of them by the mouth, and a course of treatment 
with this substance, three tablets thrice daily for 20 days, is useful as an 
after-treatment following EBI and chimofon, and can be taken dunng 
convalescence Stovarsol and carbarsone have formerly been given in after- 
treatment, but tbey^ are not considered to be as effective as diodoqmn 

Injections of emetine hydrochloride control acute dysenteric symptoms, 
and should be given before the combined course m early cases with such 
symptoms Not more than six daily mjections of gr 1 should be necessary, 
and at the same time it is rational to give sulphaguanidme or sulfasuxidine 
by the mouth in order to combat baotenal infection 

Secondary bactenal infection has been found to be an important factor 
m severe refractory cases, and the use of pemcilhn has proved hfe-savmg 
An attach on invading bacteria with penicillin and snlfasnxidine produces 
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a dramatic improvement m these cases and makes them more amenable to 
specific anti-amoebic treatment Chronic cases previously labelled emetine- 
resistant have been cleared of their infection by standard treatment with EBI 
and chmiofon retention enemata, when this has been preceded by penicillin 
parenteraUy and sulfasuxidme by mouth There is as yet no scientific proof 
that emetine-resistant strains of JEJ histolytica exist or can be produced 

Each case of amoebic dysentery is a separate olmical problem, and the 
sigmoidoscope is a most valuable guide to treatment Radiography may also 
be useful in this respect, for instance, in cases with amoebic granulomata 
Repeated courses of pemoilhn may be necessary m particularly severe cases 
with these tumours or with pencolic or penrectal abscesses The need for 
surgical mterference has been dimmished as the result of this new approach 
to treatment 

I wish to thank Major-General A G Biggam and Dr Clifford Dobell for 
their generous help and advice during the past year 
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PAMAQUm HAEMOGLOBIlirCJIlIAi 
By S B DIMSON atto R B MoMARTIN 
Introduction 

Since the use of pamaquin (plasmotjuine) as an antimalanal drug, attacks 
of haemoglobinuria attributable to its use have been described With its 
routine adoption by the Army such attacks have become more frequent 
The experience of an Indian General Hospital (Combined) when in Ranchi 
(Bihar) in 1943 may be given as an example During the whole of 1943, 
among 12,000 Indian malaria patients seven instances of haemoglobmuna 
developing with pamaqum occurred, one durmg routme malarial treatment 
and BIX after ‘blanket treatment’ 

The colloquial expression ‘blanket treatment’ is used to describe a course 
of treatment given to men withdrawn from a malarious area to one which 
IS non-malanous, on the assumption that they have already developed sub- 
chnical malaria 

The standard Army treatment for malaria at that time was qumme 
gr 10 t d 8 for two days, mepacnne 0 1 gm t d s for five days, rest for two 
days, pamaqum 0 01 gm for five days, b d for Indian troops and t d s for 
British ‘Blanket treatment’ consisted of mepacnne 0 1 gm tds for five 
days, rest for two days, and pamaqum 0 01 gm for three days, irrespective 
of race It was given when suppressive mepacnne, 0 1 gm daily, was dis- 
continued The cases to be descnbed occurred on the Arakan-Burma frontier 
m 1944 Out of about 10,000 Indian troops who received ‘blanket treat- 
ment’ on taking up monsoon quarters, the majority receivmg pamaqum for 
five days mstead of three, 13 developed haemoglobmuna while on pamaqmn, 
and were admitted to our hospital Most of these patients were Punjabis, 
and three of them died By contrast, among the much smaller number of 
British troops who received ‘blanket treatment’ at the same time none 
developed haemoglobmuna A further five cases among 10,000 Indian troops 
developed the condition here while undergoing the routme Army treatment 
for malana 


Clinical Findings 

It will be seen from Table I that haemoglobmuna was observed after doses 
of pamaqum varying from 0 03 to 0 16 gm The onset was gradual m most 
cases The condition took one or two days to develop fully, the first sign 
being a gradual darkemng m the colour of the unne Rigors occurred only 
when the onset was sudden Fever, epigastnc pam, persistent bihous vomitmg, 

^ Received Augvist 6, 1946 
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thirst, prostration, generabzed aches, reddish-black nnne, and jaundice were 
the usual symptoms Anaemia with jaundice was generally well marked, and 
the tongue, dry and coated, indicated dehydration The bver area was 
tender and the spleen was enlarged from one to three fingers m nine cases 
Fever was irregular and protracted, lastmg on the average 10 days In one 
case it was present for one day only and m another lasted one month The 
pulse was rapid, thin, and of low tension When recorded soon after the 
onset of haemoglobinuria, the blood-pressure was low The average systolic 
pressure was 105 mm and the average diastobc pressure 45 mm , but m two 
cases the diastobc pressure was temporarily zero In these two cases cyanosis 
and dyspnoea co-existed Cyanosis was present in five patients, most of 
whom were severely ill In the serious cases there was an anxious facies and 
a restless behaviour which in two instances went on to a toxic confusional 
state, endmg fatally 

One typical example. Case 12, may be given This patient had received 
nme tablets of pamaqum during ‘blanket treatment’ while on full duty 
when he complained of giddiness and weakness with, next day, black urme, 
jaundice, and vomitmg On admission, cyanosis and anaemia were present 
(red cells 3,600,000 per c mm and haemoglobin 119 gm per 100 o c ) The 
right hypochondnum was tender, the spleen was enlarged two fingers, and 
methaemalbummaemia and methaemoglobmuna were present The apex 
beat was forceful one mch outside the mid- clavicular line m the filth space, 
with a systobo murmur The blood-pressure was 120/40, temperature 102® F , 
puke 120, and respirations 28 Unnary output was good throughout Coma 
and mtense dyspnoea supervened two days later, with red cells 900,000 per 
c mm , haemoglobin 6 gm per 100 c c , van den Bergh units 16, and blood- 
urea 90 mg per 100 o c Although the apex beat was strong, the pulse was 
feeble and the skm cold The urme was clear by this time He died three 
days after admission from circulatory failure after repeated haemolysis At 
post-mortem, performed within six hours of death, the body was seen to be 
that of a poorly nourished man of 26 years with brownish-yellow staining of 
his tissues, which were grossly anaemic The bram was congested with 
excess of browmsh cerebrospmal flmd The myocardium was flabby and 
pale, and pericardial fluid was m excess and brownish in colour The lungs 
were intensely congested, with dense pleural adhesions on the left side 
Blood-stamed froth was present m the bronchi The bver was sbghtly 
enlarged and pale chocolate m colour The spleen was enlarged three times, 
was magenta m colour, and malpighian folbcles were not visible No malarial 
parasites were seen The kidneys were very congested Sections of bver, 
spleen, kidneys, bram, and adrenals were sent for examination Post-mortem 
findings m the remaining two fatal cases were similar and bkewise character- 
istic of those described m classical blaokwater fever Death m one was due 
to repeated haemolysis and circulatorj'^ failure and m the other to uraemia 
Differential diagnosis Half the number of cases sent into hospital for 
admission were labelled jaundice or infective hepatitis This error need not 
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have arisen because the appearance of the patient and the colour of hia 
urine were characteristic Cnnary-ycllow conjunc tivae, together with anaemia, 
prostration, and a reddish-black unne made the clinical picture of haemo- 
globinuna easy of recognition The other disease in the Arakan which might 
have caused confusion in diagnosis was malignant tertian malaria with 
jaundice (bilious remittent fever) In malaria tho patient looks heavy-eyed 
and tired more often than prostrate and anxious, tho anaemia is usually 
much less severe, and malarial parasites are almost always found in the 
blood Urine examination was jiathognomonic, showing the combmation m 
a dark red urine of tho absence of red cells with positive occult blood tests 
and tho presence of 0 x 3 haemoglobin and/or raethaemoglobin It was more 
difficult to decide if the haomoglobmuna was a phenomenon due entirely 
to paniaqinn toxicit}^ or if the cases hero described were essentially classical 
blackwatcr fc^c^ cases precipitated by paniaqum Am}" (1934) asserted that 
the conditions, though allied, could bo differentiated by the presence of 
c\ anosis and intracorpuscular mcthacmoglobin in pamaquin haemoglobmuria 
The reason for his view uns that n common toxic effect of pamaqum is 
c^ anosis, generally attributable to tho formation of intracorpuscular methae- 
moglobin Ho recorded cyanosis, however, m onl 5 ^ four of 11 cases of pama- 
qum haomoglobmuna {Am}^ 1934, 1935) It was present in only five of the 
IS cases m our senes In classical blaokwater fever c 3 mnosi 8 was present m 
three out of nine cases described b 3 ’^ Fairle}'' and Bromfield (1934) It is 
therefore evident that cy^anosis can occur in both conditions which clinically 
arc identical, and is of no help in differential diagnosis Amy’s assumption, 
w ithout spectroscopic e\ idcnco, that intracorpuscular methaemoglobm is the 
cause of tlio C 3 "anosis seen in pamaqum haemoglobinuna is purely theoretical 
and IS probably incorrect, for tho following reasons No methaemoglobm was 
seen in the laked red cells of our pamaqum haemoglobinuna cases even when 
C 3 anotic, and 50 ordinarj" malaria patients used as controls after a full course 
of 0 1 gm pamaquin did not show mtracorpuscular methaemoglobm in their 
blood, whereas most patients m the present senes developed haemoglobinuna 
on a dosage smaller than this Amy’s view^ is uphold by man}^ authonties 
who go on to infer without experimental proof that when intracorpuscular 
methaemoglobm causing C 3 "anosis is produced in excess, haemoglobmuria 
results We beheve this view to be mistaken, and regard haemoglobinuna to 
be as unrelated to cyanosis as haemol 3 dnc anaemia after sulphapjmdiue is 
to the c 3 ’'anosis it so commonly produces It is more probable that the 
cyanosis seen was due either to increased production of methaemalbumm 
in the plasma due to repeated haemolysis, or to the circulatory failure which 
occurred in the severe cases, or to a combmation of both factors 

Treaimmi 

All patients were kept at absolute rest m bed, fluid intake and output 
charted and fluids given to the limit of tolerance Where oral administration 
was hindered by excessive vomiting, glucose-sahne was given by mtravenons 
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drip and 'per rectum This was necessary in nine cases An alkali mixture 
containmg 20 gr each of sodium citrate and sodium bicarbonate was given 
every two hours and was usually retamed It was discontinued when the 
urme remained clear for over two days Blood transfusions were not given 
because of the impossibihty of obtainmg donors qmckly Anti-venom serum 
(Cobra and Russell’s Viper, concentrated, Kasauli) was added to the dnp m 
five cases, one of which died five hours after admission The dosage was 
20 c c imtially and 10 c c every four hours up to a total of 60 to 70 c c 
This treatment, advocated by Inder Singh and Inder]it Smgh (1944), is not 
a new one Conflicting reports regarding its value were recorded by Ross 
(1932) No conclusion as to its efiScaoy can be drawn from the results of our 
small senes 


Laboratory Findings 

Urine The colour vaned between a port-wine and a reddish-black colour 
In some cases it was impossible to distinguish by colour alone between the 
blood and the urme Albumm, casts, debns, and excess of urobihnogen were 
present The reaction was alkalme m two-thirjis of the cases Spectroscopy 
showed that m the acid unnes, m addition to oxyhaemoglobm, methaemo- 
globm was present, identified by its characteristic a band Oxyhaemoglobm 
was also present m the alkalme urmes, but it was more difficult to decide if 
alkahne methaemoglobm was present as well, since its a band is generally 
too famt to be seen In one alkalme urme examined within five mmutes of 
bemg passed the a band of alkalme methaemoglobm was quite distmct, 
presumably due to the large amount which must have been present Some 
of these urines were acidified with dilute acetic acid, but the a band of 
methaemoglobm could not be seen The haemoglobmuna took two to five 
days to disappear 

Blood For details of blood exammations Table II should be consulted 

The colour was usually dirty brown, but sometimes almost black, the 
corpuscular and plasma layers being then mdistinguishable 

Spectroscopy showed the presence m the plasma of methaemalbumin 
mstead of methaemoglobm, which calls for comment Fairley (1941) has 
shown that the pigment resultmg from intravascular haemolysis, formerly 
supposed to be methaemoglobm, is m reabty methaemalbumm formed by the 
combination m the plasma of haematm (feme) with serum albumm With 
a hand Beck spectroscope it is imxiossible to differentiate the a band of 
methaemoglobm (630 py) from that of methaemalbumm (623 ftp) by direct 
spectroscopy The theoretical possibility exists that m pamaqum haemo- 
globinuna both pigments could be present m the plasma Reagents which 
disperse the a band of methaemoglobm were therefore added to the plasma 
in two cases Hydrogen peroxide 10 vols m one instance and 10 per cent 
ammonium sulphide m another caused neither disappearance nor lessening 
in density of the a band seen This made it very unlikely that mtracorpus- 
cular methaemoglobm due to pamaqum had been hbe rated m any appreciable 
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Table II 

Jiesulls of Blood Exaimnations 


Plnmnn Blood 
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amount by haemolysis The absorption band seen in the red was therefore 
taken to be that of methaemalbumin only In companson with methaemal- 
buminaemia, oxyhaemoglobinaemia, though constantly present in excess in 
the early stages, was not considered to be sufficiently diagnostic by itself of 
intravascular haemolj^sis, since it can be produced simply by the drawing 
of blood 

The red cell count made as soon after admission as possible varied between 
340,000 and 3,520,000 per o mm When a second count was made a further 
fall was found to have occurred in four cases, in one instance dropping m one 


TABIiE ni 

Companson of Haemoglobin Findings by Specific Qraviiy and 
Acid Eaematin Methods 


During haemolysis After haemolysis 


Case 

Specific 

gravity 

method 

Hb gm per 100 c c 
acid haematm 
(Sahli) 

Specific 

gravity 

method 

Hb gm per 100 c c 
acid haematm 
(Sahli) 

2 

49 

56 

— 

— 

4 

62 

70 

7 2 

67 

6 

63 

73 

37 

39 

12 

90 

119 

47 

60 


day from 3,520,000 to 920,000 per o mm In relation to the red cell count 
the haemoglobin readmgs, made by the acid haematm method, were high 
initially because the extracorpuscular haemoglobin was included To deter- 
mme the true haemoglobm use was made of the formula given by Phillips, 
Van Slyke, Dole, Emerson, Hamilton, and Archibald (1943) The formula is 


haemoglobm gm per 100 c o = 33 9 x where Ob is the specific 

1 097 -Op 

gravity of the blood and Op that of the plasma Illustrative examples are 
given m Table III 

It will be seen from the table that during haemolysis the haemoglobm 
results by the specific gravity formula were lower than those obtamed by tbe 
acid haematm method, but that, when haemolysis had ceased, the readings 
by both methods corresponded closely to one another 

The blood-urea varied between 38 and 94 mg per 100 c c on admission 
In five cases when a second estimation was made the blood-urea had fallen 
m all but one 


Although the plasma was usually dirty brown m colour, quantitative 
van den Bergh estimations were possible, though not with the same degree 
of accuracy as with clear plasma The highest figure recorded was 16 units 
The method used for estimatmg the specific gravity of blood and plasma 
was the copper sulphate method described by Philhps, Van Slyke, Dole, 
Emerson, Hamilton, and Archibald (1943) To determine the plasma pro- 
teins they used Moore and Van Slyke’s (1930) formula, protem gm per 
100 c c 343 (Gp- 1 007), where Op is the specific gravity of the plasma 
The accuracy of this formula has been substantiated by Weech, Reeves, and 
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plasma would account for the initial high plasma specific gravity, and its 
rapid removal from the blood-stream would explain the low blood specific 
gravity Nitrogen retention accounts only to a small extent for a high 
specific gravity, smce even in severe nephritis the maximum increase amounts 
to 0 0017 (Moore and Van Slyke, 1930) Muid loss can also raise the plasma 
and blood specific gravity, and its presence m our senes appeared certam on 
chmcal grounds This would have been confirmed if the blood specific gravity 
had been high, but 'the excessive loss of oxyhaemoglobm from the blood- 
stream more than offset the haemoconoentration which undoubtedly occurred 
Study of the subsequent behaviour of the plasma specific gravities in seven 
cases showed that seven to 22 days after the onset of haemoglobmuria the 
range was low, 1 021 to 1 028 with an average of 1 025, and that 23 to 39 days 
after the onset it was normal, 1 026 to 1 030 The fall in the plasma specific 
gravity was due not only to the removal of oxyhaemoglobm from the plasma, 
but also to the removal by the liver of methaemalbumin formed from the 
plasma albumin Another reason was probably restoration of blood-volume, 
but the specific gravity and haemoglobm figures by themselves were insuflS- 
cient to prove this The return to normal of the plasma specific gravity was 
quicker when only one haemolysis was probable than when several were 
likely, but the delay in recovery showed that the protem loss had been 
replaced slowly It was suggested by Kopp (1942) that hver damage is the 
cause of the fall of plasma-proteins which he found to occur m therapeutic 
malaria, the return to normal takmg two to three weeks It is considered 
probable by analogy that m haemolysis m our senes the deposition of 
haemosidenn, moreasmg with repeated haemolysis, caused temporary hver 
damage which mterfered with protem synthesis 

Experimental Worh 

The aetiologioal relationship between pamaqum haemoglobmuna and 
classical blackwater fever has for long been confusing An attempt was 
made to elucidate the part played by pamaqum by repeatmg a course m 
two of the seven cases of haemoglobmuna which occurred m Ranchi m 1943 
Haemoglobmuna did not recur, but it was thought that had a spectroscope 
been available evidence of haemolysis m the blood might have been detected 
In mild cases of haemoglobmaemia, methaemalbumm may not be seen by 
direct Bjiectroscopy Fairley (1941) showed that even m such cases, by the 
addition of fresh concentrated ammomum sulphide to the plasma, the a band 
of ammomum haemochromogen could be seen sharply defined at 658 pp 
This test, known as Schumm’s teat, was shown by Fairley to be specific for 
methaemalbumm, ongmally thought to be free haematm It occurred to us 
that this test might prove to be a dehcate one for mtravascular haemolysis 
and accordingly a spectroscope was procured After the present outbreak of 
haemoglobmuna occurred, it was decided to repeat ‘blanket treatment’, usmg 
Schumm’s test on the plasma along with van den Bergh and urobilmogen 
estimations to detect the presence of haemolysis 

fQ JJiL ^cw Serie* ^o. 671 D 
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Goetsch (1 93C) Sinco a slight error m specific gravity leads to very mislead- 
ing results, oxtromo accuracy of the copper sulphate solutions is necessary 
The specific gravities of the solutions made up were confirmed by Capfc W 
Somerville, I A 0 C , at the Ordnance Laboratones, Calcutta The plasma- 
proteins of two of the eases of our senes wore estimated by^ a sulphunc acid 
digcstion-colonmotnc method and the results were almost identical with 
those predicted from the specific gravities 
Tlio normal range of plasma-proteins is given by Wright (1D40) as 6 6 to 
8 5 gm per 100 o c Best and Taylor (1943) give the normal range of blood 


Tablk tv 


Norvial 

specific Gravities and Plasma 

Proteins tn 

Indian Troops 

Number 

Blood spocific 

Nurnbor 

Plasma specific Protem equivalent 

of cn*^cs 


of COBCS 

grtt\nty 

gm por 100 c c 

1 

1 053 

1 

I 020 

6 52 

1 

J 054 

6 

2 0255 

5 69 

n 

1 055 

3 

1 027 

0 80 
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1 057 
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1 02S 

7 20 

3 

1 053 

3 

I 02S5 

7 38 

o 

1 050 

1 

1 029 

7 56 

1 

1 001 




I 

1003 





specific gravity ns 1 050 to 1 OGO, and the average plasma specific gravity as 
1 027 Table IV shows the specific gravities of blood and plasma in 20 Indian 
soldiers, mostly Sikhs, taken at random from a combatant unit in which two 
eases of pamaqum haemoglobinuna had occurred The unit had been on 
suppressive mepnenne for about one year The figures are almost identical 
with those given for Europeans and Americans 

In blackwnter fever Foy and Kondi (1938) found the scrum-proteins to 
range between 6 4 and 8 3 gm per 100 c c , the average in 10 cases being 
6 4 gm The blood was taken at an unspecified time after the onset of 
haemoglobinuna The blood and plasma specific gravities were estimated m 
the piesent senes because it was thought that the liberation of blood pig- 
ments by haemolysis should raise the plasma specific gravity and protein 
The results are recorded in Table II, and it will be seen that the initial 
readings of the plasma specific gravities, although estimated during or 
immediately after haemolysis, vaned considerably The range was from 
1 024 to 1 036, corresponding to 6 83 to 9 60 gm of protem per 100 c c In 
two cases, with repeated haemolysis, the specific gravity had^nsen on the 
following day from 1 026 to I 029, and from 1 029 to 1 036 respectively 
Blood Bpeoifio gravities recorded in 10 cases were low, the range being from 
1 038 to 1 046 

From these figures, therefore, it can be inferred that the plasma specific 
gravity was high if estimated during haemolysis and low if haemolysis had 
ceased Dunng haemolysis oxyhaemoglobm hberated from the red cells 
into the plasma is rapi^y removed from the blood-stream by the reticulo- 
endothelial system and kidneys The presence of oxyhaemoglohin m the 
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had ceased The results are given m Table V For the sake of olanty the 
results of direct spectroscopy for methaemalbuminaemia, mtracorpuscular 
methaemoglobm, and haemoglobmuna have been omitted from the table 
They were in all cases negative Two of the 11 cases of pama< 5 .uin haemo- 
globinuna (Cases 6 and 8) and the one case of doubtful aetiology (Case 10) 
showed no evidence of intravascular haemolysis The nine remaining oases 

Table VI 


Effects of Combined Mepacnne and Pamaquin 
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aU showed positive Sohuiom tests and increased blood-bihrubm and urobdi- 
nogen in the urine The symptoms complamed of by these patients were 
epigastric pam, headache, anorexia, thirst, giddiness, weakness, dyspnoea on 
shght exertion, backache, and palpitations, and m one case nausea and 
vomiting Two patients were free from symptoms The signs were early 
darkerung of the urme m aU. cases, shght jaundice corresponding to van den 
Bergh readings of 2 to 8 units (eight oases), and shght fever varying between 
98 8° and 10 F (five cases) Blood shdes showed no malarial parasites 
The jaundice lasted three to five days The symptoms bore a direct relation- 
ship to the dosage of pamaq^uin They began as a rule after 0 09 to 0 12 gm , 
that is, after three or four days of pamaquin when given thnce daily, in 
three cases, or five days when given twice daily, m six cases The correlation 
between increased urobilinogen, blood-bihrubm, and methaemalbummaemia 
IS shown m the figure It wiU be seen that Schumm’s test remamed positive 
about one day after the van den Bergh test had returned to normal This 
IS not surprismg since methaemalbumin is formed from extracorpusoular 
haemoglobm hberated by haemolysis, and is only slowly removed from the 
blood-stream 
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Method Tho rongent used wns fresh concentrated ammonium sulphide, but 
concentrated ammonium polysulphido (yellow ammonium sulphide) was tned 
later and gave tho same results Tho addition of a few drops of ammonia, as 
described by Fairlej’, was not found to be necessary with the brand of reagent 
used. These chemicals were obtained through tho courtesy of Dr John Lowe 
from tho Calcutta School of Tropical Medicme One-tenth c c of reagent is 
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added under ether to 1 0 c c of plasma and tho mixture shaken The reading 
IS made m five to ton mmutes, since m weakly positive cases the a band of 
hacmochromogen is slow in appearing If oxyhaemoglobin is present m excess, 
the band of reduced haemoglobin produced obscures the a band of haemo- 
chromogen The trace of oxyhaemoglobin often present as the result of 
drawing blood is insufficient to interfere with the test A false positive is 
obtained if excessive reagent or alkali is present Therefore the reagent used 
should be tested for excessive alkalinity to see if haemochromogen is produced 
with normal blood which has been laked 

A test pamaqum course of 0 02 gm daily for five days was given to the two 
early cases (Cases 14 and 15), and neither haemoglobinuria nor methaemal- 
buminaemia by direct spectroscopy was detected Schumm’s test was not 
used nor a complete investigation made In 12 of the subsequent cases 
further ‘blanket treatment’, including pamaqum for five days, was carried 
out with two exceptions (Cases 10 and 17) where only a pamaqum course 
was* given These tests were mode approximately one month after haemolysis 
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0 01 gm twice daily for five days, and in three Sohunun’s test became posi- 
tive the day after completion of the conrse, but no other sign or symptom of 
haemolysis was evident As shown m Table V, two of the haemoglobmuria 
patients were given a similar test course of pamaquin and m one of them 
well-marked haemolysis with jaundice occurred It must be re-emphasized 
that all the tests recorded m the present paper were earned out on Indian 
troops only 

‘Formes Frustes' of Blachwater Fever 

In classical bkekwater fever formes frustes can occur For example, de 
Langen and Lichtenstein (1936) desenbed such cases with mild attacks of 
fever, with or without jaundice, with pale pink urme It would be surpnsmg 
if aimilar cases did not occur with mtravasoular haemolysis due to pamaqmn 
The expenence of one umt which received ‘blanket treatment’ is therefore 
of interest This umt, an Indian Mobile Workshop consistmg of 200 men, 
was so treated from the 27th to the 31st July 1944 Thirty-six men rejiorted 
sick direct to our hospital with the following symptoms 


Jaimdice, high coloured unne, epigastno pam, anorexia 9 

High colour^ urme, epigaatno pam, anorexia 18 

Epigastric pam, giddmess 3 

Epigastric pam, diarrhoea . 2 

Mixed symptomatology 4 


Two of the mne men who were jaundiced showed frank haemoglobmuna, 
and are Cases 1 and 2 of our senes The remaining seven were discharged 
from hospital after a few days when the jaundice had disappeared It was 
not possible to obtam direct information from other units regarding their 
sick rate at the end of ‘blanket treatment’, as these nnits were not static 
A larger number of cases than usual of mfeotive hepatitis passed through 
our hospital at that time and some of these were possibly fortries frustes of 
blackwater fever An attempt was made over a penod of two months to 
discover cases of transient haemoglobmuna by a daily exammation and unne 
inspection of 3,000 patients dunng the pamaqum course About 10 per cent 
complamed of vague B 3 anptom 8 such as anorexia, giddmeaa, palpitations, and 
weakness, B 5 rinptoins which hitherto had been attnbuted entirely to the 
effects of the malanal attack Towards the end of the course m this group, 
discoloration of the conjunotivae and darkening m the colour of the unne 
was common Jaundice was rare These patients with jaundice were in- 
vestigated and SIX cases of apparent formes frustes were discovered, of which 
one example may be given A BLmdu aged 20, Arakan service seven months, 
was admitted to hospital with mabgnant tertian malaria On the fifth day of 
pamaqum he complamed of nausea, vomiting, and lethargy, and stated that 
his unne was highly coloured The next day slight jaundice was seen, and 
the unne was dark and contamed mcreased urobilmogen but no bile pig- 
ment Direct spectroscopy of the unne showed neither oxyhaemoglobm nor 
methaemoglobin, but on adding equal amounts of ammoma and concentrated 
ammomum sulphide, haemoohromogen was seen, indicatmg the presence of 
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Combined effect of mepacrinc and pamaquin It remained to be seen if the 
action of suppressive mopnermo had had any effect on the production of 
pamnquin haemoglobmuna Mopaonne is a cumulative drug and had been 
taken, often for long periods, before ^blanket treatment’ was given The 
administration of pamnquin under these conditions was probably tantamount 
to giving both drugs simultaneously, a combination usually considered toxic 
When test ‘blanket treatment’ was commenced, one month after the cessa- 
tion of haemoglobmuna, most of the stored mepacrine had already been 
excreted, ns shown by negative unnes tested by an ether extraction-hydro- 
chlono acid method Therefore the conditions obtaining with routmo ‘blanket 
treatment’, which followed directly on suppressive mepacrine, were not fully 
reproduced In an attempt to elucidate the part played by suppressive 
mepacrine, mopaenne 0 1 gm tds and pamnquin 0 01 gm bd for five 
dajs were given simultaneously after a further two weeks to the three cases 
previously negative to experimental pamaquin Intravascular haemolysis 
then occurred The results arc shown in Table VI 

Jniradcnnal Tests A 0 1 percent solution of pamaquin hydrochlonde was 
made by dissolving pamaquin in its equivalent amount of hydroohlono acid 
One-tenth c c of this solution was given intradermnlly to six patients who 
had had haemoglobmuna and to six normal subjects Positive skm reactions 
occurred neither in the patients nor in the controls 

In vitro experiments Difficulty was cxpcnonccd in conducting in vitro 
experiments because it was not possible to obtain pamnquin in powder form 
and it was thought that the excipient of a tablet might introduce comph- 
catmg factors However, a pamaquin tablet was used and a hydrochloride 
solution made up m the serum of the haemoglobmuna patient to be tested 
Haemolysis of the red cells of three convalescent patients was inspected 
microscopically and w ns seen to occur in pamaqum dilutions of about 1 200 
to 1 1,000 As these concentrations bore no relation to those iti vivo this 
line of mvestigation was given up 

Boutine malaria treatment Patients undergomg routine treatment for 
malana wore compared with those subjected to the ‘blanket treatment’ 
experiment Thirty-one Indian patients were followed through from un- 
treated malaria, mostly mabgnant tertian, to the end of the pamaqum 
course Schumm’s test was positive in 24 at the untreated stage, but seven 
whose Sohumm tests became negative during the rest penod became positive 
again towards the end of their course, although they showed no other evidence 
of intravascular haemolysis There was no climcal or laboratory evidence of 
a recrudescence of malana in these cases 

Controls with pamaquin alone Schumm’s test was carried out on rune 
healthy Indian soldiers and 44 Indian patients in whom there was no chmoal 
evidence of malana It was found to be positive m 10 of the patients, the 
methaemalbummaemia being possibly due to the activity of chrome malana 
Six healthy patients, whose Sohumm ’s tests had been negative and who had 
not previously received mepaorme, were given a test course of pamaqum 
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plays an essential part in haemolysis, with quinine and other haemolytic 
agents as contnbutory or exciting factors There are other subsidiary factors, 
for example chill and exertion, which can influence the haemolysis m block- 
water fever The factors which might have initiated or intensified the 
haemoglobmuna m our senes will now be discussed 

Loch of rest Wammgs regarding the dangers of pamaquin administration 
hove been repeatedly given by the Army medical authorities, and ‘ excused 
duty dunng pamaqum and for 48 hours thereafter’ was ordered in Medical 
Directorate of India Technical Instructions No 12, dated December 14, 1943 
Almost all our patients who received ‘blanket treatment’ were, however, 
carrymg out their normal duties dunng its administration In one case, 
a man marched 12 miles in one day in order to collect his unit’s rations 
Another drove over 60 miles m a truck along a very bad road Two others 
levelled ground for basha construction An additional adverse factor was 
a rough ambulance journey of up to 12 miles after haemoglobmuna had 
commenced It is noteworthy that all the deaths occurred in the group on 
‘blanket treatment’ and none in the routme treatment group Blacklock 
and MacDonald (1928) beheved that blaokwater fever may be explained by 
a local increase of lactic acid m the spleen, which they showed was haemo- 
lytic m vitro and in vivo This theory was discredited by Ross (1932) as 
lackmg adequate experimental justification He showed that, %n vitro, haemo- 
lysis was not due specifically to the lactic acid, but to the lowermg of pH to 
6 2 He also pointed out that there was no increase m lactic acid in the 
peripheral blood in blackwater fever nor in malignant tertian malaria 
patients who had previously suffered from blaokwater fever Ross admitted 
that it was not feasible to estimate blood lactic acid just prior to the onset 
of blaokwater fever, and this is one objection to his criticism It is known 
that haemoglobmuna may occur after severe exercise, when blood lactic acid 
may be increased from 20 to over 400 mg per 100 c c Gilhgan, Altschule, 
and Katersky (1943) found haemoglobmuna m four and haemoglobmaemia 
m 18 of 22 athletes who finished the 20 2 miles marathon race Thus 
though Blacklock and MacDonald’s lactic acid theory was based on m- 
sufficient experimental evidence it has not been entirely disproved By 
whatever mechanism exercise precipitates or aggravates haemolysis it is 
certainly a factor of importance It is therefore probable that exercise did 
play a part m the haemoglobmuna of the group on ‘blanket treatment’, but 
that it was only a minor factor was shown by the occurrence of haemo- 
globmuria in patients while at rest m hospital 

Dosage Because it was recognized that Indian troops were more prone 
than British to the toxic effects of pamaqum, the daily dose prescribed for 
their routme treatment m the army was reduced to 0 02 gm In ‘blanket 
treatment , however, 0 03 gm was prescribed irrespective of nationality and 
this dose was given m all our cases, symptoms occurring usually on the 
second or third day of pamaqum When test ‘blanket treatment’ was 
apphed subsequently the cases given 0 02 gm of pamaquin daily developed 
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blood pigment Tlio plasma showed no mcthaemalbumm, but Schumm’s 
test was positive No intracorpuscular mcthaomoglobm was seen The 
following day the van den Borgh reading was 10 units, and urobilinogen 
was still much increased, but no blood pigment was present in the unne 
The bilirubin returned to normal m two days Schumm’s test became 
negative one v cck after completion of the pamaquin course Anaemia was 
not a feature of this case* In another case test ‘blanket treatment’ was 
subscqucntlv given Schumm’s test became positive on the fifth day of 
pamaqum, and remained positive for four days There was an increase 
in blood-bibrubm and in urobilinogen* It was regrettable that conditions 
made it impossible to investigate the rest of the cases showing symptoms 
other than jaundice at the end of their pamaquin course Our hospital, the 
most forward in the Arakan theatre of war, admitted some 50,000 cases in 
the 3 "car, of which ncnrl}^ oneJialf were detained for clinical and laboratory 
investigation and treatment, and were returned to their units The heavy 
routine work involved precluded a more thorough search for other cases of 
formes fntste^j several of which must have been missed There is little doubt 
that the incidence during routine malarial treatment was much more than 
the si\ eases (0 2 per cent ) appear to have indicated We realize that there 
arc many shortcomings in the present investigation which otherwise would 
have proved more satisfactory and the results more conclusive The medical 
staff wms sadl}^ depleted for man}' months and a more detailed investigation 
and follow-up of our cases was therefore unfortunate!}' impossible 

Dtsctission 

Expenments it ? vdro (Tomoli, 1D2D, Dikshit, 193G, Chopra, 1936) have 
shown that pamaqum is a haomol 3 'tic drug, but that the concentration 
required to produce haemolysis is very much higher than that obtained 
in VIVO b}' therapeutic dosage Tins is also true of quinine, which, because 
of its association with blackwator fever, has received much more attention 
Fairley and Murgatroyd (1940) suggested that quinine is haemolytic tn vivo 
when malaria is active Mer, Bimbaum, and Khgler (1940) showed that, 
using ox bile as a haemolytic agent, the crythroo 3 tes of malarial subjects 
were haemolysed more readily when quinine with or without pamaquin had 
been given previously Fairle}' (1940) suggested that the greater tendency 
to haemolysis in chronic malaria is due to hypertrophy of the reticulo- 
endothelial system Foy and Kondi (1943), however, considered that the 
evidence for the part played by the reticulo-endothehal system in haemolysis 
IB insufficient, and that hypertrophy of this system cannot explain a sudden 
hacmoclastic onsis These authors postulated instead an morease of lyso- 
lecithin formed from stagnant blood m an enlarged spleen An entirely 
different concept of haemolysis was put forward by Maegraith, Findlay, and 
Martin (1943) Their view is that a haemolytic enzyme normally exists 
w'hich 38 inhibited b}' a substance reduced m amount in blackwater fever 
and acute malaria These theories are based on the premise that malaria 
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M^psorino liEd tcon givon in all our cases, totb. those on * blanket treat** 
xnent’ and those not so treated, and is therefore suspect as a factor 
contributing to the haemolysis with pama<jtuii The reason for mepaorine 
enhancing the tone effects of pamaqum is not known 

Malana Most of our haemoglobmuna patients denied having had malaria 
before admission This was in contrast to the histones given by ordinary 
malana patients, half of whom desenbed one or more previous attacks 
in the year Blood-films of the group on ‘blanket treatment’ on ad- 
mission were positive in three (mahgnant tertian) and negative in nine 
cases, and the spleen was enlarged m half of the oases of this group The 
presence of splenomegaly in some of these cases suggested that chronic 
malana existed, damped down by suppressive mepaerme Apart from these 
cases the remamder did not appear to have been suffering from malana 
Moreover, in the group not given ‘blanket treatment’ the attack had been 
adequately treated by the time pamaqum was given, and neither acute 
malana, quinine, nor mepaenne had produced haemoglobmuna Hyperbih- 
rubinaemia, increased urobihnogen, and a continued positive Sohumm test, 
m the absence of severe anaemia, may be taken as presumptive evidence for 
the activity of chronic malaria Thus in apparently non-malanal Indian 
patients m our hospital 20 per cent had a positive Schumm’s test, and m 
tea-garden coohes with splemc enlargement 50 per cent had van den Bergh 
readmgs of one unit and over (Napier and Dos Gupta, 1937) In our senes, 
however, Schumm’s test became negative again soon after test ‘blanket 
treatment’, and blood-bihrubm and unnary urobilinogen returned to normal 
Although a negative Schumm’s test does not necessarily exclude the pre- 
sence of chrome malana it may be taken to indicate that the disease is 
quiescent 

Thus although malana was a factor m some cases, there is insufficient 
reason for beheving that it played an important role in them all 

Blackwater fever It is generally considered that m blackwater fever there 
IS a predisposing cause, chrome malana, which produces an increased 
tendency of red cells to haemolysis The prmcipal exoitmg causes are said 
to be fresh attacks of malaria and the administration of antunalanal drugs 
The XKissibihty must therefore be considered that m our senes conditions 
were npe for haemolysis before pamaqum was given However, as has 
already been shown, the evidence for the activity of both acute and chrome 
malana as aetiological factors in our senes was weak Moreover, blackwater 
fever precipitated by malana or qumme is extremely rare m the Arakan 
Furthermore, the condition could he reproduced m a modified form by the 
administration of experimental pamaqum There is no reason to suppose 
therefore that our patients were suffenng from classical blackwater fever 

Liver damage Chopra (1936) stated that pamaqum exerts an indirect 
haemolytic effect by impairing the detoxicatmg function of the hver, and 
Ghosh (1944) that the symptoms of pamaqum poisoning appear in those 
whose hver is already damaged In the present senes as any hver damage 



42 


QUARTERLY JOURNAL OF MEDICINE 


signs and symptoms of intravascular haemolysis one or two days lator than 
those who received 0 03 gm daily Moreover, malaria patients on 0 02 gm 
dailj'' did not develop haemoglohinuria till the end of their course It is 
considered likely that, had the doso in ‘blanket treatment’ consisted of 
0 02 gm pamaqum daily, Imcmoglobinuna w^ould have occurred one or two 
days later than it did and that simple overdosago of the degree actually 
given was nob an important aotiological factor 

JBa/c7/ foxifr/ This vas n pnon most unlikely since eases were relatively so 
few and the units in which they occurred so scattered Nevertheless, the 
complete stock of pamaqum remaining after ‘blanket treatment’ m XV 
Infantry Corps was taken over and used solely in our malaria annexe As 
a control, our own slock continued to be used for patients, approximately 
equal m number, m other malaria wards No case of haemoglobinuna 
occurred m a total of 3,000 patients treated in two months and formes frustes 
were no more frequent in tlio malaria annexe than in the other malana 
vards 

Tlierc IS therefore no evidence that batch toxicity’’ existed 
Jtacc AH our cases occurred in Indian troops, mostly Punjabis How 
much significance should be attached to this fact was difficult to determine, 
although the ratio of Punjabis to other Indians vho received ‘blanket treat- 
ment* was one to three Although no ease of haemoglobinuna in British 
troops V as treated in our Jiospital, it must be pointed out that Indian troops 
far outnumbered British m this area Amy’’ (1034, 1935) also remarked on 
the fact that no British soldier developed pamaqum haemoglobinuna during 
the period in which he recorded 11 oases in Indians It is known, however, 
that occasional cases do occur among British troops It is apparent that 
some racial distinction does exist which may be connected with some such 
factor as chronic malaria which is more frequent m Indians 

Suppressive mcpacrine Three cases of blackwatcr fever occurring after 
mepaenne given for malaria wore desenbed by’’ Foy and Kondi (1937) The 
dosage in the two patients who survived was 0 1 gm tds for five daj’S 
One developed haemoglobinuna immediately’’ on completion of this course 
and tho other two days later Blood films and spleen puncture were negative 
for malanal parasites 12 to 24 hours before the onset of haeraoglobmuna 
These authors conclude that in these cases malana was not important m 
the genesis of the condition Manson-Bahr (1940) mentioned similar oases 
after mepaenne Haemoglobinuna occurring after the combined use of 
mepaenne and plasmoquine is referred to by Strong (1942) and others 
The combination of mepaenne and pamaqum in treatment is condemned 
by most authorities and, as has already been pomted out, giving pamaqmn 
to a patient with a considerable store of mepaorme in his tissues is equi- 
valent to giving both drugs together This was confirmed by givmg both 
drugs simultaneously to the three patients who had been negative to ex- 
penmental pamaqmn, and tliey all became formes fntsfes of pamaqum 
haemoglobinuna 
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’who received it during routine treatment for malaria Three deaths occurred 
in the group given ‘blanket treatment’ 

2 CJhmcal and post-mortem findings were identical with those described 
m classical blackwater fever 

3 Laboratory mvestigations moluded spectroscopy and plasma-protein 
estimation by a specific gravity method Methaemalbumm was shown to be 
present m the plasma durmg the penod of haemoglobmuna Intracorpus- 
cular methaemoglobin was seen neither in the cases described nor m 60 
malaria cases on pamaqum After an uutial nse plasma specific gravity fell 
and gradually returned to normal The delay suggests that there had been 
interference with protem synthesis 

4 The difierential diagnosis between classical blackwater fever and pama- 
qum haemoglobmuna is discussed The presence or absence of cyanosis and 
intracorpusoular methaemoglobin is shown to be of no diagnostic importance 

6 Treatment was by absolute rest, fimds, and alkalis, but m five cases 
antivenene was given mtravenously 

6 ‘Blanket treatment’ or pamaqum alone was repeated in 12 coses 
Intravascular haemolysis occurred m all except three, as shown by hyper- 
bilirubmaemia, mcreased urobilmogen, and the presence of methaemalbu- 
minaemia as shown by Schumm’s test In the three negative cases mepaonne 
and pamaqum given simultaneously produced mtr avascular haemolysis 
Malarial and non-malanal patients are used as controls 

7 Intradermal tests for pamaqum sensitivity were negative 

8 Formes frustes of pamoqmn haemoglobmuna are desonbed 

9 Aetiological factors discussed mclude lack of rest, dosage, batch toxicity, 
race, suppressive mepacrme, malaria, blackwater fever, liver damage, and 
toxicity of pamaqum 

Concliiston 

The term blackwater fever desonbes a syndrome which has several causes 
Definition on an aetiological basis is desirable Thus haemoglobmuna due 
to malaria, quinme, mepacrme, or pamaqum, are terms which are preferable, 
bemg more accurate, though there may be common underlying factors 
present m varymg degrees 

As far as pamaqum haemoglobmuna in the present senes is concerned, 
malana appears to play a lesser role than it does m classical blackwater 
fever (malarial haemoglobmuna) Over-susceptibility to pamaqum is held 
to be the determimng factor m produomg the haemoglobmuna, with the 
previous administration of mepaonne an important contributory cause 

Our thanks are due to those medical officers, especially Captains D 
Macaulay and B I? Mitra, I A M C , who co-operated m this investigation in 
spite of bemg constantly overworked m the wards , to the Directors of the 
Calcutta School of Tropical Medicme, of The All -India Institute of Hygiene, 
Calcutta, and of the Kmg Institute, Gumdy, for their ready permission to 
use their hbranes, to Bngadier I G W HiU, Consulting Physician to 



44 


QUARTERLY JOURNAL OF MEDICINE 


detected was probably due to the attack of haemoglobmuna itself, no infer- 
ence of previous damage can bo made Indeed the fact that the plasma- 
proteins returned to normal suggests that there could have been no senotm 
liver inefficiency 

Pamaqmn ioxxcxty. Judging by the varying degrees of haemolysis which 
occurred witli pnmaqum it appears that the patients can bo graded into four 
groups 

A Those m whom there is no evidence of intravascular haemolysis 

B Tho'^o who show only a positive Schumm’s test, symptoms m this 
group arc vague or absent 

C Those who have haemolysis ns shown by a positive Schumm’s test, 
hypcrbilirubinacmia, and increase in urobilinogen, but no frank haemo- 
globinuna This group constitutes /or?nc 5 Jrusics of haemoglobmuna and the 
signs and symptoms arc jaundice, dark urine, anorexia, epigastnc pain, 
vomiting, slight fever, weakness, giddiness, dyspnoea, palpitations, and 
thirst 

D Tlioso m which frank haemoglobmuna occurs The signs and symptoms 
are identical with those of classical blackwatcr fever 

When test ‘blanket treatment’ was given, lack of rest, the cumulative 
effect of suppressive mepaenne, and acute malaria had boon ehrainated and 
therefore former f rubles occurred in eases which previously had developed 
haemoglobmuna The effect of mopnenne had not been altogether eliminated 
as this drug had preceded pamaqum in almost all cases, and probably m- 
fliicnccd tbo haemolj^sis which subsequently occurred In normal subjects 
haemolysis ns showTi by Scliuram’s test occurred with pamaqum alone m 
three out of six oases It is therefore evident that pamaqum by itself 
can bo haemolytic in vno The question still remains to bo answered why 
haemoglobmuna did not occur until pamaqum had been given, and the most 
likel}^ answer seems to bo that haemolysis w'as due to the toxicity of pama- 
quin Chopra (1930) stated that gross overdosage with pamaqum produces 
haemoglobmuna, and that the lothrtl and therapeutic doses are not widely 
separated This is the reason for the relatively high incidence of toxic 
manifestations 

Over-susceptibihty to a drug is said to exist when symptoms of gross 
overdosago occur with therapeutic doses In the present senes a few tablets 
of pamaqum were sufficient to cause haemoglobmuna and its sub-clmical 
states, but the seventy depended on dosage, exercise, suppressive mepaenne, 
and tbo activity of mnlana Haemolysis by pamaqum could be repeated 
expennientally The view is therefore taken that an essential cause m pro- 
ducing the haemolysis was the toxicity of pamaqum m patients who were 
over-susceptible to the drug 

Summary 

1 Haemoglobmuna occurred m 13 out of 10,000 Indian troops who re- 
ceived pamaqum during ‘blanket treatment’ and m five out of 8,000 patients 
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TEMPORAL ARTERITIS A GENERALIZED VASCULAR 

DISEASE^ 

By W T (X)OKE, POP CLOAKE, A D T GOVAN, and 

J C COLBECK 

(Erom the Queen Elizabeth Hospital, Birmingham, the Departments of 
Medicme and Pathology, Binmngham University) 

With Plates 1 to 6 

Iniroductwn 

OxjB, thesis IS that there exists in elderly people a widespread arterial 
disease, not uncommon but rarely recognized, m which characteristic arterial 
and striking local signs occur, and m which inflammatory and degenerative 
changes m the walls of the affected arteries produce a charactenstio histo- 
logical picture The syndrome we present appears identical with temporal 
arteritis, first described by Horton, Magath, and Brown in 1932 They 
reported two cases, the first, a woman of 58 years, suffered with severe 
headaches and inflamed and tender temporal arteries, the second, a man 
aged 68 years, complamed of weakness, pain over the forehead, tender areas 
m the scalp, and had enlarged cervical glands and tender temporal arteries 
Microscopical exammation of excised portions of these arteries, consideration 
of the symptoms, and the apparently self-limitmg course of the disease led 
them to postulate that the syndrome represented a new disease entity Over 
the past 12 years at least 30 oases have been reported The symptoms have 
been fairly uniform and occurring m patients over the age of 56 years In 
some they have been suggestive of generalized arterial mvolvement, but 
until recently there has been no autopsy proof of this Sproul (1942) reported 
briefly the pathological findings m one such case, whilst Gilmour (1941), 
under the title giant cell arteritis, has recorded three similar cases CJhasnoff 
and Vorzimer (1944) have also described the climoal details of a case which 
they stated showed diffuse arterial changes at autopsy 

We have had under observation seven patients with the disease between 
the ages of 66 and 73 years, three male and four female (Table 1) The 
onset of the illness m six of the oases was with general malaise, myalgia and 
arthralgia, anorexia, and loss of weight After some months, rune in one 
case, more Btnkmg symptoms appeared Headache was severe at some time 
in all the cases Mental confusion was present m two cases for a period In 
SIX cases, and probably m the seventh, the temporal arteries showed throm- 
bosis Three patients suffered complete loss of sight, one loss of sight m one 

^ Received September 1, 1946 
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eye, and two sbght visual impairment, in only one were there no visual 
symptoms Six had symptoms suggesting generalized arterial disease, con- 
jSrmed by autopsy m two oases. Raised protein m the cerebrospmal fluid was 
found in three oases, without associated pleocytosis Moderate hypochromic 
anaemia was present m four cases A variable degree of pyrexia was present 
m four oases, m one as high as The histopathological features were 

consistent with a common pathological process The full case histones are 
given in the Appendix 

Clinical Features 

Age and sex incidence Up to and inoludmg the present senes, 37 cases 
have been reported under the diagnosis of temporal artentis AH have been 
over the age of 56 years and the oldest was 80 years (Johnson, 1943) 
Twenty-five were m women, and 12 in men 

Constitutional symptoms Though temporal artery thrombosis has been the 
common diagnostic feature of all the reported oases, consideration of these 
reveals that systemic manifestations have been previously present General- 
ized muscle aches and soreness, painful knees, shoulders and hips, fever and 
night sweats, lassitude, weakness, anorexia, and marked loss of weight have aU 
been reported to occur over periods up to nine months before the appearance 
of any more dramatic symptoms snob as temporal artery thrombosis or visual 
disturbance In only one of our patients did these symptoms appear to be of 
mmor importance Jomt swelhngs, sore muscles, and stiff joints have been 
reported by a number of writers In our Case 2 there was extreme tenderness 
of muscles Case 3 had ‘rheumatoid’ changes m her wnsts and prolonged 
vague muscle pains Case 6 had had muscle pains and tenderness and joint 
swelhngs over the previous 12 months Ca^e 6 stopped work at the age of 
72 years on account of her malaise, jomt swelkags, and general aches and 
pains SIX months before the occurrence of loss of vision Including those 
reported cases in which few chnical features are given, approximately half, 
such generalized symptoms have been the first sign of illness 

Headache Headache is a constant feature It usually begins as a general- 
ized ache Later, when the temporal artenes are affected, frontal or temporal 
headache becomes severe, and when the occipital artenes are involved, pam 
m the neck and up the back of the head is a prominent symptom It has 
been described as a dull bonng pam, a throbbing pain, and occasionally as 
a lancinatmg pam It is usually severe and constant Bowers (1940) 
desonbed the headache as constant, dull, and throbbing, usually disturbmg 
the patients’ sleep at mght, not associated with effort or posture, and so 
severe as to cause almost complete unwillingness to eat Coughing and 
sneezmg frequently aggravate the pam In our Case 4 occipital headache 
was present for six weeks, preventmg sleep or frequently wakmg him from 
such sleep as he had When the temporal arteries became mvolved, m his case 
there was exacerbation of the headaches and a shift to the temporal region 
Headaches of greatest seventy are often associated with involvement of 

[Q^Jla^owScrlea^a67J v 
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Octdar and ocxdomoior symjptoms Horton and Magath (1937) observed ^ 
temporary diplopia in one of tbeir eight oases In two examination of the 
fnndi showed evidence of ‘phlebitis of one of the retinal veins' with haemor- 
rhages and exudates Jennmgs (1938) desonbed visual symptoms which 
appeared nearly nme months after the onset of the illness ‘ A spot appeared 
m front of the left eye and during the next five days, it was as though 
a curtam was bemg drawn over the left eye, removing all sight ' At the 
same time the patient complained of mistiness of vision and photophobia m 
the right eye On examination the left eye was blmd with a large inactive 
pupil, a pale disk, and a small central haemorrhage There was pam on 
lateral movement of the eye While at first no changes were noted in the 
right eye, pallor was noted later m the disk, and loss of the lower half of the 
visual field was also noted Subsequently the vision m this eye improved, 
and the patient was able to read large print, though the visual field showed 
very little change Bam (1938) described photophobia and ‘penpapiUary 
atrophy' m his case, but there was no upset m vision apparent Dick and 
Freeman (1940) noted visual disturbance in both their oases , in Case 1, the 
vision m the left eye became blurred some weeks after the scalp arteries had 
become mvolved The optic disk was noted to he twice the normal size 
There was also a small haemorrhage m the left eye and the visual field was 
reduced to a small area No further observations were made upon the sub- 
sequent course In Case 2 soreness of the eyes and blurred vision followed 
shortly after mvolvement of both temporal arteries Diplopia was present 
for a week Sluggish extra-ocular movements and poor vision m the right 
eye were noted No record, however, was made of the ophthalmoscopic 
appearances 

Careful observation on three cases was made by Johnson, Harley, and 
Horton (1943) Their first patient noticed dimmution of vision lastmg for 
four days m the nght eye six months after the onset of her illness She then 
noted mabihty to see m the lower half of the field of vision of the left eye , 
one week later the field m her nght eye became reduced as though she were 
lookmg through a sht, and the vision in the left eye gradually disappeared 
entirely On examination one week later ‘vision was 6/6 m the nght eye, and 
vision m the left eye reduced to perception of light The field of the right 
eye revealed loss of the supenor nasal quadrant and general oonstnction In 
the ocular fundus several ischaemic regions were present along the supenor 
temporal vessels In the fundus of the left eye occlusion of the upper 
branches of the central retmal artery and vein with fragmentation of the 
bloodstream was noted Ischaemic oedema of the disk, which was elevated 
two diopters at the upper part, was present In both eyes the loss of vision 
appeared out of proportion to the ophthalmoscopic fiindmga ’ In this patient 
the vision m the left eye remamed very poor, but that in the nght improved 
with some widening of the field of vision In their second case the dis- 
crepancy between the ophthalmoscopic findings and visual symptoms was 
even more marked Both eyes suffered complete loss of vision with a week 
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a frcsli artery At times they may be resistant to morphine and the usual 
nnnlgcsio drugs 

Cerebral sympoms Many cerebral sj^mptoms have been noted Case 2 was 
admitted to hospital ns a ease of cerebral tumour sufTonng from severe head- 
ache, vomiting, and papillocdoma Case 3 was for eight weeks senously 
disorientated, and at times delirious She made a fairly good recovery from 
this episode, but at autopsy 18 months later, sections of the brain showed 
old and recent multiple arterial thtoraboscs Case 0 suffered from a number 
of attacks of vertigo whilst m hospital She then became deaf in thonghfc 
car, and shortly aftcninrds completely deaf At the same time she became 
mentally confused, incontinent of unno and faeces, and had to be restrained 
from getting out of bed She appeared to Ijc in an irrecoverable state This 
episode lasted one week, and then over a period of five day’s her hearing 
returned, although she still was occasionally’ incontinent and querulous 
After a further two weeks she became drowsy and comatose, dying within 
72 hours Severe cerebral nau^ica and vomiting were recorded by Johnson, 
Harley, and Horton (1943), and were also present m our Coses 2 and G 
Murphy’ (1942) described vertigo, exhaustion, and headache persisting for 
SIX months after the development of artentis Chnsnoff and Vorzimer (1944) 
ascribed the prolonged coma in their ease to multiple cerebral thromboses 
Schaefer and Sanders (1942) reported a ease in a G2-ycar old woman where 
^The headache was unbearnblo and could not be controlled with 1/2 gr of 
morphine intramuscularly She appeared desperately ill, did not respond very 
well and her speech became slurred Finally, the patient became delmons 
and the possibility of brain tumour with increased intracranial pressure was 
considered Neurological examination wa^, however, negative except for 
doubtful Babinski and Chaddook reflexes on the left ’ Six weeks later the 
patient had made a remarkable recovery, being alert and free from symptoms 
Sprague and MacKenzic’s (1940) patient also manifested a period of great 
mental sluggishness so that ‘ho was thought to have had a cerebro-vasoular 
accident’ He made a good recovery In the case reported by Bowers (1940) 
coma lasted for five days and vertigo was present for some time after recovery 
took place This episode follow ed six months after temporal artery involve- 
ment Bowers considered that, though the patient had hj’pertension, the 
cerebral arteries might have been mvolved by a similar process to that m 
temporal artentis Temporo-mandibular pain was present in 11 of the 
reported cases, and in two of our oases It was severe enough in one case 
(Dick and Freeman, 1940, Case 1) to make the patient fear eating or openmg 
her mouth DiflSoulty m chewing food was present in the majority of cases 
Occasionally, actual swelling was present in the temporo-mandibular joint 
(Hoyt, Perera, and Kauvar, 1941 , Schaefer and Sanders, 1942) Marked 
tenderness of the scalp was present m our Case 2, and was reported by 
Johnson, Harley, and Horton (1943) and Schaefer and Sanders (1942) This 
tenderness in our Case 7 was so extreme at times that she was unable to rest 
her head upon her piUow 
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Horton, 1943) may show fairly good recovery, though usually once the 
changes have appeared some impairment is permanent In some cases with 
loss of sight the fundus may appear normal at the time Erom the varying 
types of eye symptoms and signs it seems probable that the disease process 
must affect the artenal supply of the optic and oculomotor nerves, and the 
retma in varying degree, sometimes with complete thrombosiR of the affected 
vessel, and at other times cutting down the blood supply by temporary 
swelhng of the vessel wall and later allowing eventual restoration of function, 
providing the degree of ischaemia has not been too great ^ 

Arteniu Active inflammation of the temporal artery is striking because 
of thickening and reddenmg along its course {Plate 6, Fig 16) Good photo- 
graphs have been published by Sprague and MacKenzie (1940) and Bowers 
(1940) At this stage pulsation is usually, absent, but with subsidence of 
inflammation may return (Schaefer and Sanders, 1942 , Horton and Msgath, 
1937 , Jennings, 1938) The area of redness in the temples may suggest 
suppuration to the patient so that he apphes poultices (Cases 3, 4, and 6) 
Cases 6 and 7 demonstrated that tenderness along the course of the artenes 
of the scalp can be present for some months prior to complete occlusion 
The portions of the various artenes involved may be qmte locabzed, so that 
the scalp may show one or more strictly limited areas of tenderness With 
extensive involvement of the scalp arteries the akin may break down (Cases 
2 and 6) Enlarged cervical glands have been noted frequently, sometimes 
with no obvious reason other than the inflamed arteries It is surprising that 
there are not more reports of lesions of peripheral vessels Horton and 
Magath (1937) reported mvolvement of the radial artery, and Jennings 
(1938) dimimshed pulsation of the artenes of the left arm and right foot 
Extensive artenal disease was present on our Case 3, probably mcluding the 
vessels of the thigh, whilst both the axillary veins and the femoral vem were 
mvolved In Cases 1,3, and 5 mtermittent claudioation was present simul- 
taneously with the general muscle discomfort Case 6 presented a localized 
and tender thickening along the right radial artery 
Reflexes There is no mention of alteration of reflexes in the reported 
cases In our Case 3 the nght supinator reflex, the abdominal reflexes, and 
left ankle ^erk were absent Neuralgic pains are of course common The 
pams xn Case 3 resembled those of brachial neuritis and anterior crural 
neuritis Case 5 suffered from persistent neuralgic pams m the legs The 
causation m each case seems to be similar to the temporal neuralgia ansmg 
from the inflamed artenes, and except for our Case 3 there appears to be 
httle evidence for the diagnosis of neuritis 

Blood-pressure and Laboratory Findings 
The figures for the blood-pressure, temperature, red-cell count, haemo- 
globin, and white-cell count are given in Table II In nearly all cases 
pjTrexia had been present at some time Moderate anaemia with a shght 
leucocytosifl was usually present Eosinophiha has not been recorded except 
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bch^con the cpisoclc*^ Wliilst the left fundii*? showed mild oedema and 
Fovcrnl small hnoniorrhngic extravasations, no local cause could he seen m 
the right ej c Their third patient’s illness started with stifTnesaof the verte 
bral column, malaise, loss of weight, and anorexia, followed by temporal 
nrtcntiR Four months later she noted tvo small scotomata before hernght 
0 ^ c, gradually enlarging during tlie day so that the next morning there was 
a large central scotoma * In a few seconds the eye was completely blind, and 
remained so ’ Two weeks later after intravenous typhoid vaccine she felt that 
there had been partial loss of vision in her left eye Examination showed no 
vision in the right eye , in the left eye vision was 3/30 The field of the left 
eye shoved a superior arcuate scotoma, which began at the upper margm 
of the normal blind spot, and covered the entire superior nasal quadrant 
Examination of the fundus of the right eye revealed a rather pale disk with 
slight oedema on the nasal side There was an area of localized oedema of 
the retina between the disk and the macula The fovea appeared slightly 
reddened, and was suggestno of a residual chcrry-rcd spot The lower nasal 
retina appeared ischaemic The optic disk of the left eye showed one diopter 
of oedema and the low er temporal quadrant of the disk appeared rather pak 
The veins were engorged Scott and JInxwcll (1941) have also reported a case 
with loss of vision ui the right eye and diminished vision m the left, while 
in Johnson’s (1943) case there was complete loss of vision in one eye Post 
and Sanders (1943) described eye changes in a case diagnosed by MaoDonald 
and Moser (1937) six years previously. The retinal arteries showed marked 
sclerosis with irregularity in calibre and thickening of the walls, approaching 
the * copper wire’ state They noted areas of sheathing where the artenal 
wall appeared to have undergone a fusiform thickening which was deep red 
m colour wnth impaired light reflex and disappearance of the blood column 
in these areas Below the macula were three confluent areas of silvery 
exudate, with no haemorrhages or signs of inflammation They considered 
the picture unusual, and not that usually’ associated with artenosclerosis 
and hypertension 

The ophthalmoscopic findings in our cases are given in detail in the 
appendix Three patients became totally blind, one lost the sight of one eye, 
and one suffered a transitory bilateral amaurosis and subsequent constnotion 
of the fields of vision with some optic atrophy Case 0 showed a somewhat 
similar appearance to that described by Post and Sanders (1943) Diplopia 
has been recorded in three cases, and in three of our patients, m addition to 
weakness of the extraocular movements of the eye m two other reported 
cases Ptosis was noted by Murphy (1942) and in our Case 1 for 24 hours 
only There are thus at least 18 oases m which there was some visual 
disorder The loss of sight may be variable in its development, sadden or 
extending over a period of several weeks Both eyes may be affected simul- 
taneously or after a long interval The extent of the loss vanes from mistiness 
of vision and different patterns of field defects to complete loss of sight 
Even moderately severe loss for as long as five days (Johnson, Harley, and 
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in Case 6 The blood-pressure readings are variable, but very high readings 
are notably infrequent Few observations have been made on the cerebro- 
Bpmol fluid. This may be normal, as m the cases reported by Horton and 
Magath (1937), Hoyt, Perera, and Kauvar (1941), and our Cases 6, 6, and 
7 In three of our cases and m the case reported by Schaefer and Sandem 
(1942), the protem content has been raised without any moreaae m the cell 
count Case 1 had 130 mg per 100 o c , Cases 2 and 3, 70 mg per 100 c c , 
while Schaefer and Sander’s case had a positive Pandy test with a Lange 
curve 4444444321 The Wassermann reaction has been negative m the blood 
and cerebrospmal fluid m all cases xn which it was determined, and in all 
our cases 

Pathology 

Horton, Magath, and Brown (1934) considered the histopathologioal picture 
as one of chrome periarteritis and artentis They noted infiltration of round 
cells m the adventitia around the vasa vasorum, and to a slight extent in 
the media of the vessels Haemorrhage was present in some regions m the 
media The basal portions of the artery appeared acellular and there were 
superimposed cellular layers, which indicated that intimal prohferation had 
taken place m vanous stages They considered that the lesion probably 
began as a penartentis in a small segment of a vessel and, with continuation 
of the process, spread to the media and mtima Other writers have tended 
to follow this ongmal description MacDonald and Moser (1937) noted hyper- 
trophy of the muscular wall of the vasa vasorum with some round cell 
mfiltration A considerable mcrease m eosmophile infiltration has also been 
noted (Bowers, 1940 , Scott and Maxwell, 1941 , Hoyt, Perera, and Kauvar, 
1941) Sproul (1942) m his cose which came to autopsy found extensive caseous 
necrosis of the media of most of the large artenes, which he considered were 
the only vessels mvolved The adventitia though thickened over the carotid 
artenes showed only mmimal thickemng and mononuclear infiltration Plant 
(1942) considered that only a few of the giant cells could be regarded as 
foreign body giant cells formed under the stimulus of fragmentation of elastic 
laminae Gilmour (1941) reported four cases under the name giant oeU 
artentis He drew attention to the sumlanty between his cases, which 
showed generalized artenal mvolvement, and those of temporal artentis, 
and considered that they were essentially similar The clinical picture m 
his Cases 2, 3, and 4 appears to justify this conclusion, but the identity m 
Case 1, a young woman of 23 years, is not so apparent She presented 
a ruptured subclavian aneurysm and also had a miliary tuberculous process 
in the cervical glands Though tubercle bacilli were not demonstrated 
histologically, the case appears to be more analogous to cases of tuberculous 
artentis as reported by Thompson (1928) The histological changes in the 
remaining three cases are similar to those which we have found He con- 
sidered, however, in contradistinction to other writers, that the lesion started 
m the media and mvaded the adventitia secondarily, but all his illustrations 
show adventitial reaction, whilst m some cases the media shows httle change 
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in Case 6 The blood-pressure readings are variable, but very high readings 
are notably infrec[uent Few observations have been made on the cerebro- 
spmal fluid This may be normal, as in the cases reported by Horton and 
Magath (1937), Hoyt, Perera, and Kauvar (1941), and our Cases 5, 6, and 
7 In three of our cases and m the case reported by Schaefer and Sanders 
(1942), the protein content has been raised without any morease m the ceU 
count Case 1 had 130 mg per 100 o c , Cases 2 and 3, 70 mg per 100 o c , 
while Schaefer and Sander’s case had a positive Pandy test with a Lange 
curve 4444444321 The Wassermann reaction has been negative in the blood 
and cerebrospmal fluid m all cases in which it was determined, and in all 
our cases 

Pathology 

Horton, Magath, and Brown (1934) considered the histopathologioal picture 
as one of chrome penartentis and arteritis They noted infiltration of round 
cells m the adventitia aroimd the vasa vosorum, and to a sbght extent m 
the media of the vessels Haemorrhage was present m some regions m the 
media The basal portions of the artery appeared acellular and there were 
superimposed cellular layers, which mdioated that intimal proliferation had 
taken place m various stages They considered that the lesion probably 
began as a periarteritis m a small segment of a vessel and, with contmuation 
of the process, spread to the media and intima Other writers have tended 
to follow this ongmal description MacDonald and Moser (1937) noted hyper- 
trophy of the muscular wall of the vasa vasorum with some round cell 
infiltration A considerable mcrease m eosmophile mfiltration has also been 
noted (Bowers, 1940 , Scott and Maxwell, 1941 , Hoyt, Perera, and Kauvar, 
1941) Sproul (1942) m his case which came to autopsy found extensive caseous 
necrosis of the media of most of the large arteries, which he considered were 
the only vessels mvolved The adventitia though thickened over the carotid 
artenes showed only minimal thickemng and mononuclear infiltration Plaut 
(1942) considered that only a few of the giant cells could be regarded as 
foreign body giant cells formed under the stimulus of fragmentation of elastic 
laminae Gilmour (1941) reported four coses under the name giant ceU 
artentis He drew attention to the similarity between his coses, which 
showed generahzed arterial mvolvement, and those of temporal arteritis, 
and considered that they were essentially similar The climcal picture in 
his Cases 2, 3, and 4 appears to justify this conclusion, but the identity m 
Case 1, a young woman of 23 years, is not so apparent She presented 
a ruptured subclavian aneurysm and also had a mihary tuberculous process 
m the cervical glands Though tubercle bacilh were not demonstrated 
histologically, the case appears to be more analogous to oases of tuberculous 
artentis as reported by Thompson (1928) The histological changes m the 
remainmg three coses are similar to those which we have found He con- 
sidered, however, in contradistinction to other writers, that the lesion started 
in the media and mvaded the adventitia secondarily, but all his illustrations 
show adventitial reaction, whilst m some cases the media shows httle change 
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boyond fibrosis nnd capiUary formation. He also noted m the larger artenes 
‘collapsed layers’ of elastica, thought to be duo to degeneration of muscle 
fibres, though an nltomntivo explanation might bo reduplicated layers of the 
internal clastic laminae 

The histopalhological findings in six of our cases are given m detail in 
the Appendix From these, it appears possible to construct the course of the 
disease process in tlic "vessels, forming a graded sequence of changes The 
reaction is of inflammatory t 37 io and appears to start in the adventitia 
(Plate 1, Fig 1) The inflammation is subacute and subsequently spreads to 
the media vliero it tends to spread in an axial direction specially in the 
larger vessels Prior to this stage, however, there is some focal necrosis 
affecting parts of the media nnd internal elastica (Plate 1, Figs 2 and 3) 
This area of necrosis is marked by an absence of inflammatory reaction and 
would correspond to a nutritional defect such as might result from occlusion 
of the Vasa vnsonim In many eases it seems probable that the process is 
halted at this stage of pcnarteritis and focal medial necrosis with healing 
subsequent 1} takes place (Plate 3, Fig 11) In most vessels the inflam- 
matorv process spreads to the media where the necrotic media nnd elastica 
Bomotimcs cxcito a giant coll reaction (Plate 3, Figs 9 and 10) Surviving 
fragments of elastica gi\ c rise to new internal laminae (Plate 4, Fig 14) In 
the course of this new formation of olnsticn loops of clastic tissue can be seen 
arising near the site of the original lamina and extending into the deeper 
layers of the intima where the new laminae arc coming into being The 
inflammatory reaction may stimulate this elastic tissue formation Such a 
conclusion would bo justified in view of the recognized reaction of arteries to 
other forms of chronic inflammation jMennwhilo the media has been largely 
converted into chronic inflaramatorj’’ granulation tissue, infiltrated bylympho- 
C 3 i:es, plasma cells, and largo mononuclears The palisade formation of the 
loops of clastic tissue (Plate 4, Fig 16) ansing from the site of the ongmal 
lamina, tends to segregate the granulation tissue into islands, lending a super- 
ficial resemblance to tubercle follicles (Plato 1, Fig 4), an appearance which 
IS further enhanced by the occasional presence of giant cells and collections 
of pale cells of roticulo-endothehal typo The latter, however, are so closely 
associated with the new elastic tissue that they may well be concerned with 
its formation It should be stressed that this cellular reaction apparently 
follows the focal necrosis of the media, unlike tuberculosis where the reaction 
comes first and necrosis follows Giant cells are not a constant feature m 
these ‘foUicles’, and they may be found m the absence of ‘folholes’ when it 
can clearly be demonstrated that they are engaged in phagocyiosis of necrotic 
dobns (Plate 3, Figs 9 and 10) Repeated examination has failed to reveal 
any sign of tubercle bacilh The intima always shows a marked thickemng, 
and a broad band of loose cellular tissue is formed The cells of this tissue 
are mainly long spmdles, and the characters of some suggest that they may 
be derived from smooth muscle This mtimal tissue rarely shows any signs 
of infiammation When it does, the reaction is m the form of a focal exten- 
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Bion from the media In the case of the smaller arteries these changes are 
usually followed by thrombosis, which appears to be rapidly organized 
Thrombosis is not quite so common m larger vessels 

The artenal lesions most likely to be confused with temporal artentis are 
penartentis nodosa and thromboangeitis obhterans, and many authors have 
found it impossible to make the distinction, especially between the latter 
condition and temporal artentis In some of our specimens the distinction 
has been impossible on present criteria Nevertheless, certam generalizations 
may be made Penartentis is usually a disease of the visceral artenes, al- 
though occasionally found m the superficial and retinal vessels The reaction 
IS of acute mflammatory character, and the necrosis of the vessel waU tends 
to be of a suppurative nature In temporal artentis necrosis is found apart 
from inflammation, and where inflammation is found it is rarely more than 
subacute This mflammatory reaction appears to spread axially, as opposed 
to the focal nature of penartentis nodosa Thromboangeitis obhterans is 
usually a disease of penpheral vessels and begms most often as a migrating 
phlebitis of superficial vems The usual picture is not unlike that of temporal 
artentis, with granulation tissue formation m the vessel wall The inflam- 
matory reaction involves the whole wall, whereas m temporal artentis 
the mtemal elastic lamina appears to be the mtemal limit beyond which 
inflammation rarely spreads Cases have been reported, however, showing 
inflammation mvolvmg the whole coat m temporal artentis (Hoyt, Perera, 
and Kauvar, 1941, Horton and Magath, 1937) 

Giant cells are sometimes found m thromboangeitis obliterans, but they 
are more common m the thrombus than in the vessel waU Buerger (1914) 
has descnbed an early acute inflammation of the vessel wall with polymorph 
cell reaction, but this stage is rarely seen Emally, the late stage of throm- 
boangeitiB obhterans results m a fibrosis involving the neighbounng vems and 
nerves In temporal artentis some fibrosis is usually found m the nearby 
muscle m the case of the penpheral vessels, but it is not extensive Here 
again the distmction cannot be made absolute m our Case 3, where there was 
evidence of mvolvement of the femoral vem with fibrosis and recanalization 
Atlas (1943) has descnbed a case of Buerger’s disease m a 67 -year-old woman 
with changes m the leg vessels essentially similar to those which we have 
seen m temporal artentis 

The distmction from tuberculous artentis is aided by the lack of obvious 
tuberculous lesions m the neighbourhood of the artery, absence of the tubercle 
bacillus from the sections, and absence of true follicle formations (Dafoe, 
1926 , Thompson, 1928) Tyson (1931) has descnbed medial degeneration and 
thrombosis of vasa vosorum and periarterial lesions m cases of dissecting 
aneurysm In none, however, are the appearances similar to those in our 
cases, or those reported by Gilmour (1941) In cystic degeneration of the 
media, a potent cause of dissectmg aneurysm, areas of non-mflammatory 
degeneration arc found in the media m association with changes m the vasa 
vasorum m the adventitia Though one might expect similarities m the 
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pathological picture in some cases in view of the similar age incidence, we 
have not been able to find any reference to the presence of widespread 
inflammatory reaction or giant cells 

To sum up, the clear cut picture in any one of these conditions is distinc- 
tive Tlio variations in the reported cases and the absence of any strict 
criteria of diflcrcniiation sometimes make a definite histopathological diag- 
nosis verj' difficult 


Aetiology 

The aetiology of temporal arteritis is as 3"et unknown Dick and Freeman 
(1040) suggested that the invariable presence of fever and inflammation and 
the self-limiting course of the disease point to an element of infection, winch, 
being superimposed on arteriosclerosis, leads readily to thrombosis Cultures 
of rc«?coted arteries in five cases b^’' Horton and Magath (1937) gave negative 
results Similar attempts other workers have not yielded any significant 
findings In none of our cases have wc been able to demonstrate organisms 
in the sections The hypothesis of Horton and Magath (1937) is that ‘The 
advanced age of the patients suggests that these changes in the arteries may 
bo one of the fruits of senility The changes might even bo brought about by 
smnJI infarcts in the vascular wall duo to thrombosis of the vasa vasorum’ 
To those who liave observed tlie inflamed appearance of the temporal artery 
tins h^^pothcsis makes little appeal Other evidence of an inflammatory 
process in tho records uc liave made appears to bo undeniable, but we have 
found no clue to tho cause of this inflammation The factors produemg 
thrombosis, whether due to dcficicnccs in the blood-vessel wall or due to 
infection, still remain to be determined 


DiJfcrenUal Diagnosis 

From consideration of the varied symptoms presented it is clear that 
temporal nrtcntis can simulate a number of conditions, such as cerebral 
tumour, secondary" carcinoma of tho brain, cerebral vascular accidents, 
retinal artery thromboses of varied aetioIog3% sinusitis, dental neuralgia, 
trigeminal neuralgia, neuritis, osteoarthritis of cervical spine, fibrositis of the 
scalp and other tissues, and inflammation of the scalp The severe muscle 
tenderness that is sometimes experienced may simulate dermatomyositis, and 
with tho joint Bwelhngs, rheumatoid and infective arthritis must be con- 
sidered In all these instances the chmeal course, or the pathological findings, 
eventually make the diagnosis clear 

It IS in relationship to diffuse vascular diseases that difiSoulties in diagnosis 
arise A comparison between the ohnioal features of temporal artentis, 
nenartentis nodosa, and thromboangeitis obliterans has been made m 
Table HI The pathological differentiation between these diseases xs not 
always easy, though there do appear to be differences in the majority of 
cases In some clinical oases, too, the distinction may not be clear For 
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example, retinal artery thrombosis may occur in each condition Retinal 
phlebitis has been noted m temporal arteritis and m thromboangeitis obU- 
terans Maul (1938) reported the case of a 67-year-oId man who developed 
thrombosis of the central retmal artery and had also Buerger’s disease of the 
extremities Similarly, the case of a 67-year-old woman reported by Atlas 

Table HI 


Comparison of Clinical Features in Temporal ArtentiSy Thromboangeitis 
Obliterans, and PertarierUts Nodosa 



Temporal 

Thromboangeitis 

Penartentia 


artentis 

obhterans 

nodosa 

Sex 

Twice as common m 

Almost entirely con- 

Much commoner ui 


women 

fined to men 

men 

Age 

Over 55 years 

Between 25 and 45 
years 

Usually young adults 

Chrome difiuse 
myalgia 

Prequent 

Uncommon 

Frequent 

Jomt swellmgs 

Frequent 

Uncommon 

Frequent 

Intermittent 

claudication 

Frequent 

Frequent 

Noted 

Gangrene 

Hot reported 

Frequent 

Occasionally 

Headaches 

Common and severe 

Not promment 

Not promment 

Pyrexia 

Present 

Present 

Promment 

PolyneuntiB 

Not desenbed 

Not desenbed 

Frequent 

Peripheral vas- 

Artenal thrombosis 

Superficial and deep 

Nodular swellings with 

cular signs 

common 

thrombosis of veins 

occasional formation of 

Albummuna 

Aneurysm not noted 

and artenea of legs 

aneurysm 

Not desenbed 

Occasionally 

Frequent 

Ocular and 
oculomotor 
disorders 

In half the cases 

Rarely 

Rarely 

Prognosis 

Frequently self-lumt- 

Loss of limb and 

Usually fatal withm a 


mg over 6 to 12 months 

sometimes life 

year 

(1943) as a case of Buerger’s disease might well fall mto the category of 
temporal artentis 


In general, the points set out in Table HI give a number of differences 
which should enable a chmoal diagnosis to be made Fmally, generabzed 
arteriosclerosis comphoated by cerebral symptoms, intermittent claudication, 
and hypertension present pictures which may be simulated or aggravated by 
temporal artentis 


Prognosis 

Horton and Magath (1937) considered that the prognosis was good, their 
patients were never dangerously lU, and the total duration of illness varied 
from four to six months Two of their patients died, one 1 2 months later, 
and another two years later, of conditions which were considered unrelated 
to their ongmal illness Complete recovery occurred finally m all the coses 
of which they had records Subsequent writers have on the whole substan^* 
tiated this favourable outlook Thus, only two autopsies have been reported 
The length of illness m SprouVs (1942) case was approximately 10 weeks 
after the temporal artery thrombosis The patient reported by Chasnoff and 
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pathological picture in some cases m view of tlio similar ago incidence, wo 
have not been able to find any reference to the presence of widespread 
inflammatory reaction or giant cells 

To sum up, the cloar-cut picture m any one of these eonditions is distmc- 
tive The variations in the reported cases and the absence of any stnofc 
criteria of differentiation sometimes make a definite histopathologioal diag- 
nosis very difficult 


Aclxdlogy 

Tho aetiology of temporal arteritis is as j^et unknown Dick and Freeman 
(1940) suggested that the invariable presence of fever and inflammation and 
tho self-hmiting course of the disease point to an element of infection, which, 
being superimposed on arteriosclerosis, leads readily to thrombosis Cultures 
of resected arteries in five cases by Horton and Magath (1937) gave negative 
results Similar attempts by other workers have not yielded any significant 
findings In none of our cases have wo been able to demonstrate organisms 
in tho sections Tho hjpothcsis of Horton and Magath (1937) is that ‘The 
advanced age of the patients suggests that these changes in the arteries may 
bo one of the fruits of senility Tho changes might oven bo brought about by 
small infarcts in the vascular wall due to thrombosis of the vasa vasorum ’ 
To those who have observed tho inflamed appearance of tho temporal artery 
this h3’'pothesis makes little appeal Other evidence of an inflammatory 
process m tho records ve have made appears to be undeniable, but wo have 
found no clue to the cause of this inflammation The factors producing 
thrombosis, whether due to dcficicnces in tho blood-vessel wall or due to 
infection, still remain to be determined 


Differential Diagnosis 

From consideration of tho varied symptoms presented it is clear that 
temporal arteritis can simulate a number of conditions, such as cerebral 
tumour, sccondar}’' carcinoma of tho brain, cerebral vascular accidents, 
retinal artery thromboses of varied aetiology, sinusitis, dental neuralgia, 
trigeminal neuralgia, neuritis, osteoarthritis of cervical spine, fibrositis of the 
scalp and other tissues, and inflammation of the scalp The severe muscle 
tenderness that is sometimes experienced may simulate dermatomyositis, and 
with tho ]Oint swellings, rheumatoid and infective arthritis must be con- 
sidered In all these instances the chmeal course, or the pathological findmgs, 
eventually make the diagnosis clear 

It IS in relationship to diffuse vascular diseases that difficulties m diagnosis 
anse A comparison between the clinical features of temporal arteritis, 
poriartontis nodosa, and thromboangeitis obliterans has been made m 
Table HI The pathological differentiation between these diseases is not 
always easy, though there do appear to be differences m the majority of 
cases In some clinioal cases, too, the distinction may not be clear For 
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example, retmal artery thrombosis may occur in each condition Retinal 
phlebitis has been noted m temporal artentis and in thromboangeitis obli- 
terans Maul (1938) reported the case of a 67-year-old man who developed 
thrombosis of the central retinal artery and had also Buerger’s disease of the 
extremities Similarly, the case of a 67-year-old woman reported by Atlas 

Table III 


Goinparison of Clinical Features in Temporal Artentis, Thromboangeitis 
Obliterans, and Penartentis Nodosa 



Temporal 

Thromboangeitis 

Penartentis 


artentis 

obUterans 

nodosa 

Sex 

Twice as common m 

Almost entirely con- 

Much commoner ul 


women 

fined to men 

men 

Age 

Over 56 years 

Between 26 and 46 

Usually young adults 

Chronic diffuse 
myalgia 

Joint Bwelhngs 

Frequent 

years 

Uncommon 

Frequent 

Frequent 

Uncommon 

Frequent 

Intermittent 

Frequent 

Frequent 

Noted 

claudication 

Gangrene 

Not reported 

Frequent 

Occasionally 

Headaches 

Common and severe 

Not promment 

Not promment 

Pyrexia 

Present 

Present 

Promment 

Polyneuritis 

Not descnbed 

Not descnbed 

Frequent 

Peripheral vas- 

Artenal thrombosis 

Superficial and deep 

Nodular swellmgs with 

cular signs 

common 

thrombosis of veins 

occasional formation of 

Aneurysm not noted* 

and artenes of legs 

aneurysm 

Albuminuria 

Not descnbed 

Occasionally 

Frequent 

Ocular and 

In half the cases 

Barely 

Rarely 

oculomotor 

disorders 

Prognosis 

Frequently self-hmit- 

Boss of hmb and 

Usually fatal withm a 


mg over 0 to 12 months 

sometimes life 

year 


(1943) as a case of Buerger’s disease might well fall mto the category of 
temporal artentis 

In general, the points set out m Table m give a number of differences 
which should enable a clinical diagnosis to be made Finally, generahzed 
artenosclerosis comphcated by cerebral symptoms, intermittent claudication, 
and hypertension present pictures which may be simulated or aggravated by 
temporal artentis 


Prognosis 

Horton and Magath (1937) considered that the prognosis was good, their 
patients were never dangerously lU, and the total duration of illness varied 
from four to six months Two of their patients died, one 12 months later, 
and another two years later, of conditions which were considered unrelated 
to their original illness Complete recovery occurred finally in all the cases 
of which they had records Subsequent writers have on the whole substan- 
tiated this favourable outlook Thus, only two autopsies have been reported 
The length of illness m Sproul’s (1942) case was approximately 10 weeks 
after the temporal artery thrombosis The patient reported by Chasnoff and 
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Voraimer (1944) died after 14 months of illness The average duration of 
illness 18, however, much longer than three to six months Hoyt, Perera, and 
Kauvar (1041) found symptoms present up to two years after the onset m 
two of their patients Post and Sanders (1943) have published the final result 
m a case ohsorved by MacDonald and Moser (1937) The original illness 
lasted 12 months and the patient died six years later of a cerebrovascular 
accident, having been comparatively well in the interval, though suffenng 
from a poor memory and giddiness for the last two years of her hfe Of our 
seven cases Case 1 died six months after tho onset of his illness, probably on 
account of cerebral haemorrhage or thrombosis Case 3 died 30 months and 
Case 0 14 months after the onset In both tho disease process was still active 
Of the four living cases only one is entirely well two and a half years after 
tho onset, one is complete])" blind three and a half years later, though other- 
vise well after an illness lasting 10 months Case 5 is incapacitated by severe 
arterial obstruction of his legs, so that ho is confined to bed Case 7 is still 
m Jiospital Thus, though experience from tho literature shows that the 
process IS frequently sclf-Jinnted, the gonerahzed nature of the disease, 
occurring in elderly patients, makes prognosis uncertain 


Trcatmcril 

The treatment in our seven cases has been essentially symptomatic In six 
of the cases biopsy on the temporal artery has been earned out, both for 
diagnostic and therapeutic purposes In every case this procedure produced 
a diminution m tho seventy of the lieadaohe, such that it could then be 
easily controlled by analgesics Case 5 experienced such complete relief from 
his right temporal lieadache that he asked for exploration of his occipital 
region This also vas done, and although the occipital artery was not actually 
located, a measure of relief was obtained The results of arterial resection in 
our cases arc similar to tho good effects noted by Horton and Magath (1937), 
Bovers (1940), MacDonald and Mosor (1937), and others Wo have also used 
nicotinic acid 300 mg daily in some cases, and considered that it had some 
beneficial affect, presumably duo to tho vasodilator action Potassium iodide 
in large doses has also been claimed to produce symptomatic improvement 
Bowers (1940) found some benefit from thiamine 2 to 5 mg daily intra- 
muscularly 

Discussion 

Lack of knowledge of any aetiological factors m the diffuse vascular diseases 
precludes any final evaluation of the symptom complex reported under the 
term temporal artentis Nevertheless, there is a striking similarity in the 
reports that have been accumulating over the past 14 years of the age moi- 
dence, mcapacitatmg headache, widespread affection of the muscles and 
joints, and the usually self-limiting course Until now the term temporal 
arteritis has been understood to refer, as is natural, to the disease as it affects 
the temporal artery only, but if, as we have shown, a widespread affection 
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of arteries is commonly present m tins disease, more difEerentiation vnM be 
necessary in the future to distinguish it from thromboangeitis obhterans and 
penartentis nodosa occurring in the later age groups There is still relatively 
little known about arterial diseases Chiucal and histopathological diagnoses 
in the hterature show much variation and overlap Until recently biopsy 
observations in temporal artentis have been unsatisfactory , various authors 
have described their mdividual cases, but at difierent stages of the disease, 
so that a clear conception of the pathological process has been impossible to 
obtam Until many more autopsies have been earned out, httle progress can 
be made The frequency of the condition is probably much greater than has 
been supposed Three further cases have been diagnosed by two of our 
ophthalmic colleagues smee we have been aware of the disease during the 
past 18 months We ourselves have under observation three further patients 
with visual disorders, transitory mental confusion, joint and muscle pains, 
headaches, loss of weight and an apparent self-limiting course, but without 
temporal artentis, m whom it has not been possible to make an unequivocal 
diagnosis While the gross appearances at autopsy in our third case were 
striking, those in our sixth case might have raised no comment The appear- 
ances were similar to those of generalized artenosolerosis, and only the clinical 
history and the histological findings gave the correct diagnosis Gilmour 
(1941) desonbed his cases as giant cell artentis Such a designation is im- 
satisfactory m that giant cells are, in the mam, non-specific and are seen m 
a number of vascular diseases We bebeve then that it will be useful to 
retam this group as a distinct ohnical entity until further observation proves 
or disproves the relationship to other vascular diseases For these reasons 
we have retained the term temporal artentis, and not adopted a name 
Bigmfymg the more general mvolvement of the artenal system EmaUy, we 
would emphasize the frequency of visual disturbances m this disease, which 
often results m the patients coming first under the care of the ophthal- 
mologists, 

/Summary 

1 The case histones of seven patients with temporal artentis are presented 
The symptoms and signs, together with those from the 31 cases reported m 
the hterature, are desonbed 

2 The charactenstio chnical features are anorexia, loss of weight, jomt 
and muscle pains, pyrexia, painful artenal thrombosis, and severe headaches, 
occurrmg m elderly patients At least half the patients so far reported have 
had visual disturbances leading in many instances to complete loss of sight 

3 Post-mortem exammation was earned out m two cases A characteristic 
histological picture was noted m the aorta, temporal, radial, subclavian, 
femoral, coronary, renal, retmal, coehac, and mesentenc arteries Involve- 
ment of the femoral vein was found in one case 

4 The pathological features are those of a subacute inflammation spreading 
probably by the vasa vasorum to the media The mtemal elastic lamina 
appears to cause the mflammation to spread longitudinally The lamma may 
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bo destroyed and m the process of healing now redupheated layers are formed 
The intima becomes liyportrophied and thrombosis is a common sequel 
6 The prognosis is relatively good as regards life, though with the 
goneralwed nature of the disease process it may bo fatal in some cases 
0 Though the genernhzcd clmraoter of the disease is emphasized, the term 
temporal arteritis has been retained as indicating a speoifio clmical entity m 
the absence of any de/inilo notiological factor 

Wo wish to thank Mr Beatson Hird (Honorary Ophthalmic Surgeon, 
Birmingham Umted Hospital) for his help and interest 
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APPENDIX 

Case Reports 

Case 1 A man, aged 66 years, Insurance Agent Admitted on 26 11 41 to 
the Queen Elizabeth Hospital compla in i n g of Joss of vision in the left eye, 
and weakness of the arms He had always been of a nervous disposition. 
About 20 years previously be had had an ill-defined illness characterized by 
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shakiness of his arms and legs, which was thought to be organic in nature at 
the time Smce then some tremor of arms and legs had been present on 
excitement or anger He had otherwise been well until three months pnor to 
admission, when he began to get severe continuous frontal headache This 
had begun with marked tenderness over the left side of the forehead, which 
was reddened He treated it with hot poultices One to two weeks later he 
developed pam m his arms and legs, and also oramp-like pains m the calves 
when wft linn gj reheved by rest He became easily tired The headache 
decreased and he appeared to be improvmg until one month prior to admis- 
sion, when on retiring to bed both his eyes closed, and he could not open 
them voluntarily If he raised his eyelid with his fingers he found that he 
could see normally with the right eye, but the left appeared as though there 
was a ‘black stream’ falhng over the eye There was no unconsciousness, 
increase of headache, or other symptom of mtracramal haemorrhage He 
was able to stand and walk normally at this time The vision tended to 
improve slowly, so that he thought it would be fully restored However, 3 ust 
before admission the right side of the forehead became tender, and withm 
24: hours the left eye became totally bhnd 

On admission he looked older than 66 years His temperature rose daily 
to 99® F Both temporal arteries were thickened and tender The radial and 
brachial arteries were unduly thickened There was no pulsation m the 
dorsabs pedis or posterior tibial arteries The heart, lungs, and abdomen 
appeared normal The blood-pressure was 130/80 The cranial nerves, with 
the exception of the left optic nerve, appeared normal His arm reflexes 
were very brisk, with some diminution in muscle power m aU groups There 
was coarse tremor of the outstretched hands and inco-ordmation of cerebellar 
type on performing the finger-nose test The abdommal reflexes were absent 
The leg reflexes were exaggerated with flexor plantar responses and inco- 
ordination oj^ cerebellar type Sensation to pmpnok and vibration sense were 
normal 

Mr Beatson Hird reported on the eyes ‘There has been a vascular block 
in the left eye, the disk is blurred and pale, the veins very engorged and 
compressed by the crossmg arteries No haemorrhage A patch of exudate 
above the macula The arteries are of normal size I think he had probably 
an angiospasm rather than a thrombosis There is no light perception, and 
nothing can be done to restore vision now ’ A blood count showed red cells 
4,790,000 per cmm , hoemoglobm 96 per cent , and white cells 11,860 per 
0 mm , with 72 per cent polymorphonuclears The cerebrospmal fluid was 
imder normal pressure, and contamed protem 130 mg per 100 o c , but no 
mcrease m cells The Wassermann reaction m both blood and cerebrospinal 
fimd was negative 

The patient was treated with rest and sedatives His temperature rose 
occasionally to 99° and 100® F At times his headache was severe After 
ligature and removal of parts of both temporal arteries, his headaches almost 
disappeared, and he was discharged home to contmue convalescence Six 
weeks after discharge he died suddenly , the description of his death suggested 
a cerebral vascular accident 

Histological report on sections of artery ‘ The vessel was embedded m dense 
fibrous tissue and showed a mild penartentis m the form of a lymphocytic and 
plasma cell infiltration The media showed no change, but it was separated 
from the mtemal elastic lamina by an irregular space contammg granular 
debris and a few multmucleated giant cells The mtima was thickened’ 
(Plate 1, Fig 1) 
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Case 2 A married woman aged 00 years Tins patient had been previously 
healthy In February 1942 she sustained a fall, and shortly afterwards 
began to lose weight, became easily tired, and had a very poor appetite She 
was admitted to another hospital for investigation for diabetes, which was 
not confirmed Shortly after discharge from hospital, she complained of 
tenderness and aching of the back, spreading upwards to the head It became 
so severe and universal that she was hardly able to bear being touched At 
this time she considered that her eyesight was not quite as good as usual 
when sowing, but the impairment was slight About three months after the 
onset of her illness she began to have severe headaches and to develop exces- 
sive thirst and pol} una The headaches continued, and three weeks later for 
a penod of tlirco to four days she had diplopia, the right sided image being 
beside and shghtly above the image of the left eye At the end of this time 
bUo noticed that the sight of the right eye diminished rapidly, and she became 
totally blind m 24 hours She desenbed the process as being ‘like a cloud 
passing in from tlio side and gradually shutting out all the light' from 
temporal to nasal side From this time onwards until she was admitted to 
the Queen Elizabeth Hospital one month later, she had severe pain in her 
face BO that she had difficulty in opemng her mouth Tenderness was spe- 
ciallj marked over the right tcmporo-mandibular joint About two weeks 
before admission sevoro tenderness over the scalp appeared This was 
shortly followed by swellings which came up like blisters and broke down, the 
affected area being very tender One week prior to admission she noticed 
that the sight of the left oyo was becoming affected, so that objects m the 
temporal field could not bo seen 

Examination on admission to hospital (8 8 42) showed no abnormal findings 
in the heart, lungs, or abdomen The blood-pressure was 130/75, and the 
pulse rate 75 The patient was well onentated, and able to give a clear 
history She was moderatolj’' veil nounshed The scalp was covered with a 
number of vesicles and much crusting It was tender specially over the right 
temporal region The cranial nerves, except the second, and arm and leg 
reflexes were all normal Examination of the right eye showed a rather 
ddated pupil with no reaction to light or accommodation There was a small 
flame-shaped haemorrhage above and nasally to the disk, and two large 
patches of oedema and whitish exudate inferotemporal to the disk The 
artenes were contracted The disk margm was blurred and showed papiU- 
oedema The disk appeared paler than normal There was only perception of 
light The left eye showed the presence of mild papiUoedema and pallor of 
the disk, but the changes in the remainder of the fundus were not remarkable 
The pupil did not react to light or accommodation There was diminution 
of the temporal field of vision 

A blood count showed red cells 3,620,000 per c mm , haemoglobin 70 per 
cent, and white cells 10,700 per emm, vuth 78 per cent polymorpho- 
nuclears The bleeding time was 7 6 mm and initial clotting time 12 mm 
A fractional test meal showed the presence of free hydrochloric acid Lumbar 
puncture showed an initial cerebrospmal fluid pressure of 196 mm The fluid 
showed no increase in colls, but contained 70 mg per 100 c c of protem, with 
a normal Lange curve and a negative Wassermann reaction 

Observation over 12 weeks in hospital showed that she had an occasional 
temperature of 99 6°r , but that m the mam she was apyrexiaL Her pulse 
remained constantly around 80 Three days after admission it was noted 
that she had lost perception to light m both eyes, and since that time she 
remained totally bhnd She suffered a severe vagmal haemorrhage shortly 
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after admission, but examination by a gynaecologist did not reveal anything 
abnormal m the pelvis The lesions of the scalp involved the whole head, 
but slowly reacted to treatment with sulphonamide and starch compresses, 
although even after 12 weeks an extensive area of the scalp was still unhealed 
Exammation of the eyes three weeks after admission by Mr Beatson Hird 
showed complete loss of sight The circulation m the arteries had been to 
some extent restored, but optic atrophy was commencing in both eyes 
Three months after her admission both disks showed atrophy The arteries, 
especially those on the left, were extremely thin and of uneven calibre 
Inquiries by letter to her doctor 36 months later ehcited the reply that her 
general health had remained good, that she was still completely blind, and 
that the lesions on her head stiU tended to break down Whilst m hospital, 
the diagnosis of temporal arteritis had been made It proved impossible to 
find any artery on the scalp owmg to the extreme degree of infected sebor- 
rhoea A muscle biopsy from the back was taken, but beyond revealing some 
degree of muscle atrophy did not show any change in the vessels 

Ga^e 3 A woman aged 69 years This patient had been perfectly healthy 
until November 1941 She then developed pain and gradually mcreasing 
stiffness m the right thigh, with some numbness and wastmg Shortly after- 
wards the left thigh was similarly affected Two weeks later she developed 
pam on the mtemal aspect of the right arm, which became swollen so that 
she was unable to use it The condition cleared up slowly, and she also had 
pains m the right deltoid region and across the shoulders She was confined 
to bed during this period for approximately six months When first seen m 
February she had apparently only a simple right axillary vein thrombosis 
Shortly after this the left axillary vem was similarly affected, but cleared up 
comparatively rapidly, and she was well for a few weeks In June she began 
to have severe headache Ten days later she had diplopia for two days, and 
vomited on two occasions On questioning later she admitted that during 
this penod she had had a blue and painful swelhng on her left temple After 
the diplopia she stated that a fog seemed to come m front of the left eye, 
and then a veil seemed to close m front of the eye from the side She then 
found that she was blmd in the left eye, papdloedema of the left disk was 
noted by her doctor The headache contmued and she noted a similar blue 
and very pamful swelhng on her nght temple Two weeks later she experi- 
enced exactly the same symptoms m the right eye, and became almost 
totally blmd 

Exammation then showed that both the disks were swollen and pale, 
pallor being most marked on the left There was no retmitis, and the arteries 
appeared normal The left eye was blmd, whilst the right eye was able to 
distmguish fingers The cranial nerves were normal The reflexes m the arms 
showed an absence of the nght supmator jerk and weak triceps jerks on both 
sides The abdommal reflexes were absent The knee-jerks were brisk and 
equal, whilst the left ankle jerk was absent and the plantar responses flexor 
Vibration sense was present in the arms and legs Pinpnok sensation was 
normal except for slight blunting on the nght forearm and hand Her tongue 
was reddened and showed mild glossitis There was a little oedema of both 
feet Her blood-pressure was 190/106 The urine contamed no albumen or 
There was good pulsation in the dorsalis pedis and postenor tibial 

artenes 

Her condition remamed unchanged until admission to the Queen Elizabeth 
Hospital (26 7 43), when the following additional features were noted General 
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muscular weakness in the arms and legs, perhaps most marked on the nght 
log The legs wore stiff, and there was some pen-articular swelling of the 
knee joints Her mental powers were so poor that it proved difficult to get 
any consistent history, and the patient herself complained of her increasing 
loss of memory Both temporal arteries ^\e^o noted to bo thickened, shghtly 
reddened, and still very tender She complained of little headache Examina- 
tion of the c} cs b}*' Ulr Bentson Hird at tins time showed that the pupils 
did not react to light or accommodation The nght eye showed optic atrophy 
With slight blurring of the disk The arteries wore contracted with some 
degonoratno cliangcs Tlio left oyo sliowed similar findings He concluded 
that the ophthalmoscopic findings were those of a retinal artery block in 
each eye 

A blood count showed red cells 3,940,000 per c mm , haemoglobin 72 per 
cent , and white colls fi,100 per c mm , with a normal differential count A 
urea clenranco tost showed a blood-urea of 29 mg per 100 c c and urea 
clearance 90 per cent of normal The Wassennann reaction was negative in 
the blood A biopsy of both temporal arteries was made Both artenes 
showed similar appearances A abght Ij^mphocytic reaction was found in the 
pcn-artenal coat The media showed numerous ‘ windows ’ of atrophy m which 
lymphocytic and plasma cell reaction were noted Only small fragments of 
the internal elastic lamina remained Around these fragments were 'folli- 
cular’ structures composed of pale cells with largo pale nuclei, and multi- 
nucleated giant cells Lymphocytes and occasional polymorphonuclears were 
also present, the latter mainly m relation to areas of necrosis New layers of 
clastic tissue Imd been formed on the inner aspect of these folhcles, and 
internal to these new^ layers of elastica was a zone of chrome inflammatory 
reaction confined to the deeper Ia3'er3 of the thickened intima 

She was kept under observation for four months in the Queen Ehzabeth 
Hospital, during w^hioh timo she was apyrcxial Her mental condition gradu- 
ally deteriorated and at times she w as completely irrational and disorientated 
Her general condition grew weaker She became incontinent of urine and 
faeces, and her urine became infected She was transferred to a hospital for 
the chronic sick to continue under supervision Hero she was given nicotinic 
acid 200 mg dail}^ and after six wcel^’ therapy her mental and general con- 
dition improved so that she seemed fulty aware of her surroundings and was 
onW ocoasionallj^ incontinent of urine and faeces Her condition then re- 
mained unchanged until her death in April 1944, approximately two and a 
half years after the onset of her illness 

Post-morlem czaintaafioTi The body was that of an elderly woman of average 
build There were several papery sears mth slight surrounding pigmentation 
on the outer surface of the left buttock Several pressure sores were present 
on the posterior surface of the right buttock and over the right great tro- 
chanter There was some exconation on the inner surface of the thighs The 
ankles were moderately oodematous 

Cardiovascular system The heart (600 gm ) showed no external abnor- 
mality other than a small milk-spot over the right ventricle There was some 
hypertrophy of the left ventricle, but the muscle was of good quality The 
valves were normal apart from slight senile thickemng of the mitral valve 
Small patches of apparent atheroma were present along the branches of the 
coronary arteries Just above the aortic rmg the aorta showed a mild degree 
of aneurysmal dilatation Five and a half cm above the ring on the an- 
terior wall of the beginning of the arch, at the pomt of on^ of the nght 
mnoniinate artery, there was a raised rough area polygonal m shape (6 x 3 cm j 

^ ^ n X / 
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The surface of the aorta over this area *was covered by granular yellowish- 
grey material suggesting a fibrinous clot The first part of the right subclavian 
and the right common carotid arteries showed no abnormahty At the bifur 
cation of the latter vessel there was a small area of calcified atheroma, but 
the surface was mtact The left common carotid artery was atheromatous 
At the origin of the left subclavian artery there was another area, 1 7 cm m 
diameter, similar to that described in the first part of the aorta Just distal 
to the left subclavian artery there was another sumlar lesion on the posterior 
aspect of the aorta, which was cut on openmg the vessel It was in the form 
of a longitudinal strip 10 cm x 1 7 cm On removing this yellowish-grey 
material from the surface of the aorta, it left a rough red Ime of cleavage 
Further lesions of a similar nature were present in the abdominal aorta, one 
on the left lateral aspect at the level of the diaphragm, 3 6 cm in length, 
others smaller in size lower down The lower part of the abdommal aorta 
also ) showed calcified atheroma The renal arteries showed no significant 
change The coehac axis and superior mesenteric artery showed no macro- 
scopic abnormality* The nght femoral artery showed a small lesion similar 
to those m the aorta The pulmonary arteries, innominate veins, portal vem, 
inferior vena cava, common ihao veins, pelvic venous plexus, and nght 
saphenous veins showed no abnormahty 

Bespiratory system The left pleural cavity contained 660 c c of clear 
fluid A few adhesions were present at both bases Both lungs were congested 
and moderately oedematous m the lower lobes 

Ahmentary system No abnormality could be seen in the stomach and 
mtestmes The liver (1,200 gm ) was of normal size and no sigmficant change 
was seen on the cut surface The gall-bladder was healthy The spleen 
(300 gm ) was enlarged and pink The diffuse colouring masked the mal- 
pighian bodies 

Gemto-urmary system The kidneys (average 200 gm ) were enlarged 
The capsules stripped freely, leaving a smooth surface A smgle cyst was 
present on the cortex of the left kidney, and both kidneys showed a few 
depressed cortical soars The bladder, uterus, and ovenes were normal 
Central nervous system The superficial cerebral vessels were congested 
and the bram was somewhat oedematous No gross abnormality could be 
seen in the brain substance, but there were small areas of irregular con- 
gestion, about the size of a millet seed, scattered throughout the white 
matter of the cerebral hemispheres and midbram The mam vessels at the 
base of the bram showed scattered whitish patches which may have been 
due to atheroma 

Sections of all organs were exammed In addition, material was taken 
from the aorta, the mesenteric, splenic, renal, cerebral, both femoral and 
subclavian arbenes The preparations were stained by haematoxylm and 
eosm, Masson’s tnchrpme method, and Werhofs technique for elastic tissue 
The lungs showed well-marked cfeonic venous congestion, but were other- 
wise healthy, and no sign of any abnormahty could be found m the walls of 
the larger vessels No significant change could be found m the hver, but 
marked lesions were noted m the kidneys The glomeruli were much larger 
than normal, and the tufts filled their capsules Lobulation was marked and 
in some cases the capillary tufts projected into the first convoluted tubules 
In a few cases the tufts appeared to be adherent to their capsules, and all of 
them showed increased cellulanty, the cells hemg of endothelial type The 
capillary walls were thickened and hyalme The tubules showed acute 
degenerative changes, amountmg m many instances to necrosis (Plate 4, 
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muscular weakness in the arms and legs, perhaps most marked on the nght 
leg The logs were stifT, and there was some pon-articular swelhng of the 
knee jojnts Her mental powers were so poor that it proved difficult to get 
any consistent Instory, and tlio patient herself complained of her increasing 
loss of memory Both temporal artones ^ero noted to be thickened, shghtly 
reddened, and still very tender She complained of little headache Examina- 
tion of the eyes by Mr Beatson Hird at this time showed that the pupils 
did not react to light or accommodation The nght eye showed optic atrophy 
vith sliglit blurring of the disk The arteries were contracted with some 
degenerative changes Tlio left eye showed similar findings He concluded 
that tlio ophthalmoscopic findings were those of a retinal artery block in 
cacli eye 

A blood count sliowcd red cells 3,940,000 per o mm , hnemoglobm 72 per 
cent , and white cells fi,I00 per o nim , with a normal differential count A 
urea clearance test showed a blood-urea of 2D mg per 100 cc and urea 
clearance 90 per cent of normal The Wnssormann reaction was negative m 
the blood A biops^’^ of both temporal arteries w^as made Both artenes 
showed similar appearances A slight l3’'raphocytic reaction was foimd m the 
pcri-ar tonal coat The media sho wed numerous ‘ windows ^ of atrophy m which 
h mphooytic and plasma coll reaction were noted Only small fragments of 
the internal elastic lamina remained Around these fragments were ‘folli- 
cular' structures composed of pale cells with large pale nuclei, and multi- 
nuclcatcd giant colls Lymphooj^tes and occasional polymorphonuclears were 
also present, the latter mainly in relation to areas of necrosis New layers of 
clastic tissue liad been formed on the inner aspect of these folhcles, and 
internal to these now layers of elastica was a zone of chrome inflammatory 
reaction confined to the deeper laj^ers of the thickened intiraa 

Sho was kept under observation for four months m the Queen Elizabeth 
Hospital, during which time sho w^as npyrexial Her mental condition gradu- 
ally dotenorated and at times sho w as completely irrational and disorientated 
Her general condition grow weaker She became incontinent of unne and 
faeces, and her urine became infected She was transferred to a hospital for 
the chronic sick to continue under supervision Here she w^as given nicotimo 
acid 200 mg daily, and after six wcol^’ therapy her mental and general con- 
dition improved so that sho scorned fully awnro of her surroundings and was 
only occasionally incontinent of urme and faeces Her condition then re- 
mained unchanged until her death in April 1944, approximately two and a 
half years after the onset of her illness 

Post-mortem examvxatxon The body was that of an elderly woman of average 
build There were several papery scars with slight surrounding pigmentation 
on the outer surface of the left buttock Several pressure sores were present 
on the postenor surface of the right buttock and over the right great tro- 
chanter There was some exconation on the inner surface of the thighs The 


ankles were moderately oedematous 

Cardiovascular system The heart (GOO gm ) showed no external abnor- 
mality other than a small milk-spot over the right ventncle There was 
hypertrophj" of the left ventricle, but the muscle was of good quahty 'Uie 
valves were normal apart from slight senile thickenmg of the mitral valve 
Small patches of apparent atheroma were present along the branches of the 
coronary artenes Just above the aortic rmg the aorta showed a mild degree 
of aneurysmal dilatation Five and a half cm above the ring on the an- 
tenor wall of the beginning of the arch, at the point of on^ of the ngh 
innominate artery, there was a raised rough area polygonal m shape (6 x 3 cm ) 



TEMPORAL ARTERITIS A GENERALIZED VASCULAR DISEASE 69 

latter, however, showed areas of fibrosis with the formation of new dilated 
capiUanes The mtima was slightly thickened (Plate 4, Fig 12) The 
reaction in the left subclavian artery was substantially the same as that m 
the right, but appeared to be more extensive The media was largely 
replaced by fibrous tissue in which small collections of lymphocytes and 
plasma cells could still be seen Giant cells were absent The internal elastic 
lamma was reduphcated and the mtuna was thickened Several branches of 
the superior mesenteric artery were examined, and in some there seemed to 
be a combination of atheroma and artentis The adventitial tissues were 
infiltrated by plasma cells and lymphocytes, and the same reaction could be 
found m the media on one aspect of the circumference, at which point the 
media was greatly thinned The mtima showed general thickening, but over 
the area of medial thinning the thickening was enormous and the deeper 
layers showed atheromatous degeneration with early calcification Sections 
of the arteries were stained by the methods of Levaditi, Ziehl-Neelsen, and 
Gram, but no bactena could be found 

Case 4 A man aged 71 years This patient had been well until approxi- 
mately five months prior to admission He then began to get headaches of 
no severity and of no particular looahzation on a number of occasions Five 
weeks prior to admission the headaches suddenly became more severe and 
contmuous so that they frec[uently prevented him from sleepmg and woke 
him up if he did sleep The pam was chiefly on top of the head and extending 
down the back of the head to the neck behind both ears The pam was a con- 
tmuous ache without any sharp component Nothmg appeared to reheve it 

Exammation on admission to the Queen Elizabeth Hospital (16 11 43) 
showed a healthy and young lookmg man of 71 years Physical exammation 
of the heart, lungs, and central nervous system showed no abnormality. Bus 
blood-pressure was 160/96 Palpation and movement of his cervical spme 
caused some pain There were numerous tender spots m the muscles and 
deep fascia at the base of the neck, and on the occiput Though the occipital 
arteries were palpated, they did not seem to be affected 

A blood count showed red ceUa 4,200,000 per o mm , haemoglobm 60 per 
cent , and white cells 8,400 per c mm with 62 per cent polymorphs, and 
17 per cent monocytes A lumbar puncture showed the cerebrospmal flmd 
to be under normal pressure and to oontam 70 mg per 100 o o protem, but 
no mcrease of cells The Wassermann reaction m the blood and cerebrospmal 
flmd was negative 

The patient, who was apyrexial, was observed m hospital and treated 
with analgesics, with very little rehef Approximately 10 days after ad- 
mission, after more severe headaches than usual, it was noted that the 
temporal artery, though preaentmg pulsation below the zygoma had lost its 
pulsation above, and was hard and tender Portions of both temporal 
arteries were excised 

Histological exammation showed that both were affected The left artery 
was occluded by a thrombus, which was completely orgamzed and partially 
canalized A considerable amount of fibrosis was seen around the artery 
and this appeared to be a replacement fibrosis of the surrounding skeletal 
muscle A mild degree of pen-artentis could be seen, but the mam lesion 
appeared to be around the mtemal elastic lamina The media was much 
thinned, and at one point appeared to be breached by chrome mflammatory 
granulation tissue from the adventitia The original internal elastic lamma 
was fragmented Around the fragments rounded collections of cells were 
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Fig 13 } Tbo jntcrtubulnr connective tissue appeared very ocdomatous No 

cellular reaction could bo found in tho interstitial tissue, apart from a few 
collections of lymphocytes and plasma cells near the surface of tho cortex 
Tho mam renal arteries Bhoued reduplication of the internal elastic lamina, 
and m some of tho smaller arteries a slight lymphocytic infiltration could he 
seen in the medial and pon-artcrml coats TJio splenic sinusoids were widely 
dilated, and contained largo numbers of roticulo'ondothclial and plasma cells 
The former uore of two distinct typos One was a foamy cell, the other 
a dark cell of tho Reod-Sternberg typo usually seen in lymphadenonia The 
plasma colls occasionally occurred in a eyncjtinl form A few eosinophiles 
were seen Deposits of lincmosidcnn were seen in some of the reticulo- 
endothelial cells and the connective tissue No change could be seen in the 
walls of the cerebral vessels apart from atheroma, but many of the smaller 
vessels contained ante-mortem thrombus In some of these the condition 
appeared to bo of embolic nature, but in others the thrombus had been 
formed tn situ, Tho adjacent brain tissue showed signs of softening 

Little change of any significance could be seen in the heart apart from 
some small areas of rcplncciuent fibrosis. Of the other arteries examined 
marked changes were found in tho aorta and femoral artenes, with less pro- 
nounced lesions m the racsentonc artenes Beneath tho ribbon-hke thrombi 


tho aorta shoved nn extensive inflammatory" reaction which was almost 
entirely confined to the media Occasional loose collections of plasma cells 
and lymphocytes wore present m tho adventitia, usually around the vasa 
vnsonim, but this reaction vas very mild compared with that affecting the 
media In tho latter situation tho inflammatory reaction appeared to 
extend longitudinally" and its limits were almost exactly" marked by the 
nbbon-hke thrombi Tho cellular reaction consisted mainly of lymphocytes 
and pln«ima colls At irregularly placed sites along the wall there were points 
of more intense reaction In these foci tho clastic fibres were destroyed and 
the area occupied by closely packed masses of cells, mamly" of plasma and 
lyunphocyto variety", but a fow polymorphonuclears were also present In 
some of these areas symoy^tial-Iike sheets of pIasmacy"toid cells could be seen 
(Plato 3, Fig 8) A few of tho more acute lesions had spread into tho intima, 
but the latter was practically free from mvolrcment (Plato 3, Fig 10) The 
left femoral artery shoved a pen-arterial plasma cell reaction around the 
vasa vnsonim, and some of these vessels showed endarteritis In some places 


tho external clastic laminae had disappeared, and tlie tissue spaces were 
occupied by" lymphocytes and plasma cells The media was largely replaced 
by granulation tissue infiltrated by mononuclear cells At some pomts the 
internal elastic lamina was destroyed, and its place taken by" a column of 
multmuclcated giant cells The intima was thickened and a few layers 
of reduplicated elastica could be seen in its deeper layers The appearances 
of the Tight femoral artery were very similar to those of the left The 
adventitia vas infiltrated by plasma cells and lymphocytes, especially around 
the vasa vasorum This cellular reaction spread mto the media, which was 
almost completely destroyed and replaced by fibrous tissue Multmuoleated 
Giant cells were present These vere gathered around spicules of colourless 
retractile material (Plate 3, Figs 10 and 11) The mtemal elastic lamina 
was fragmented, but m this case there did not seem to be any attempt at 
regeneration Tho intima was greatly thickened The appearances in sections 
of the right subclavian artery suggested that the lesion had been of mild type 
and was m process of healing The adventitial coat showed the usual inflam- 
matory reaction, but there was no trace of any spread into the media , the 
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the muscles themselves Exammation of the fundi showed no abnormality 
except slight arterial thickening 

A blood count showed red cells 4,850,000 per c mm , haemoglobin 98 per 
cent , and white cells 10,060 per c mm , with 64 per cent polymorphs and 
7 per cent eosinophiles Cerebrospmal fluid exammation showed no mcrease 
of ceUs, with protein 36 mg per 100 c c A fractional test meal showed 
hyperchlorhydna An X-ray of the chest was normal with a normal sized 
heart, and an electrocardiogram revealed no abnormabty 

A small portion of the right temporal artery was removed two inches away 
from the tender spot on the forehead Histological examination showed 
some endartentis, but no inflammatory reaction, or signs which we bad 
previously associated with temporal artentis Alter this procedure the 
patient expenenced a stnkmg amelioration of his headache in the temporo- 
parietal area, so much so that he asked for exploration of the occipital area 
to reheve him of the pains there This was carried out, but the artery was 
not located , nevertheless some rehef was expenenced ^Vhllst in hospital 
the patient had an occasional temperature of 99° F He was discharged 
home after two weeks m hospital greatly improved and almost nd of his 
headaches After discharge from hospital his condition gradually deteriorated, 
and he became almost completely confined to bed, the pains in his legs being 
particularly severe He contmued to lose weight Two weeks before his 
second admission to hospital, whilst having his evemng meal he found that 
he was unable to see to eat He could appreciate bght and moving objects 
This state persisted for 24 hours, and then gradually cleared, the left eye 
being more affected than the nght, and m both the eyesight was blurred 
His headaches were rarely severe and occurred only occasionally 

He was readmitted on 26 3 45 He had lost weight, weighing 8 st 9 lb 
The right temporal artery and its branches showed extensive thrombosis and 
were ^ghtly tender That on the left showed a patchy thrombosis of a 
number of its branches The arms showed wasting of all muscles, especially 
the small muscles of the hand The reflexes were present and equal, co- 
ordination, sensation to touch and vibration normal The legs showed wasting 
and weakness Pulsation m the dorsalis pedis and posterior tibial arteries on 
both sides was still absent The muscles of both thighs were tender, especially 
along the hne of the femoral arteries The pupils reacted to hght and accom- 
modation The right optic disk appeared normal and the arteries were small, 
but there was httle evidence of arteriosclerosis Whitish subretmal haemor- 
rhages were present m the macular region The left fundus showed very small 
arteries with comparatively large veins There was some oedema of the 
macular area The left disk was atrophic and pale, with distmct edges, and 
the visual fields showed some general constnction on the right and more so 
on the left The urme contained nothmg abnormal, and a urea clearance test 
showed normal function The blood-sugar three hours after breakfast was 
124 mg per 100 c o Biopsy of the left temporal artery confirmed the diag- 
nosis The adventitial tissues were infiltrated by lymphocytes and plasma 
cells, grouped mamly around the vasa vasorum This inflammatory reaction 
had spread into the media, which was largely replaced by chrome inflam- 
matory granulation tissue Giant cells of foreign-body type were engaged in 
removing the fragmented mternal elastic lamma The intima was greatly 
thickened, and at one point the inflammation had mvaded the deeper intimal 
tissues 

The patient was treated with rest and diathermy to his thighs The right 
leg became warmer, and the pam at rest disappeared from this leg, though 
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gathered These colls were well defined with large pale nuclei possessing 
a single prominent karyosome The appearances thus produced were very 
similar to those of tuberculosis Plasma cells and lymphocytes abounded and 
an occasional polymorphonuclear cell was noted Around these 'follicles’ 
were strands of now clastic tissue in a palisade form which joined together 
on the inner side to form several new lamina The intima was greatly 
thickened, but little sign of inflammatory reaction could bo seen (Plate 4, 
Fig 14) The appearances in the right artery 'were almost exactly the same 
as those in the loft In addition to the features noted above, giant cells of 
the Langbans typo were found around the fragmented mtemal elastica 
Examination of many sections of both these arteries failed to reveal any 
sign of tubercle bacilli (Plate 4, Fig Ifi) 

Ho had a little relief from his headache after the operation, and over the 
next four weeks the headache gradually diminished, though it did not entirely 
disappear before Ins discharge from hospital A letter from his doctor m 
July 1945 stated that he w^ns well and free from pam After discharge from 
hospital, he had had several slight attacks of vertigo, associated with head 
pains His blood-pressure was still low 

Case 5 A man aged 09 years This patient was first scon on 10 1144 
on account of severe and incapacitating headache of one month’s duration 
With the exception of one severe attack of lumbago four years previously, 
his health had been good until Jlay 1944, when he had severe pam m the 
back and legs associated with joint pains and swelling of the knees and 
ankles Ho felt gonorall}^ unwell and gave up work on this account His 
appetite had become poor and ho had lost one stone m weight He had 
suffered from cramps in the legs and some pam m the legs on walking, 
relieved by rest One month before he was first scon ho developed sharp, 
shooting, knifc-Iiko pains radiating from the left tcmporo-panetal region, 
superficial in character There was some radiation backwards above the ear 
The pains were associated with the appearance of a red, painful, throbbing 
spot on the loft temple The patient treated this with the application of 
medicated wool After two weeks the pain suddenly ceased, but was 
replaced by a similar more severe pam on the right side This was also 
associated with a painful red and swollen spot on the right temple Pains 
then developed down the back of the neck and in tbe occipital region The 
gums and jaw of the right side throbbed and ached intermittently, and 
wore too tender to allow insertion of his dentures Over the whole of this 
month there had been an exacerbation of his 'rheumatism’, generahzed 
aching of the upper arms, lumbar muscles, and thighs, of cramp-hke character 

Examination showed a co-operative and intelligent man He appeared 
somewhat wasted, weighing 9 st 10 lb The heart, lungs, and abdomen 
showed no abnormality , the blood-pressure was 180/90 Examination of the 
nervous system showed no abnormality except that vibration sense was absent 
in both ankles, and postural sense defective m the left toe jomts Both tem- 
poral arteries were easily palpable The right was tender but pulsatile There 
were raised and tender spots above the right eye and also over the temporo- 
mandibular joint, the skm was shghtly oedematous The nght occipitel 
artery was tender and pressure caused radiation of pain up the back of the 
bead There was marked tortuosity of the brachial and radial artems 
Pulsation was absent in the dorsalis pedis and posterior tibial arteries 
muscles of the thighs and arms were wasted and tender to palpation, but 
there wns no swelling of any ]omt or pain on movement other than that m 
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matory reaction m the inner part of the media around the mtemal elastic 
lamma, and also m the adventitia Occasional foreign-body giant cells were 
seen m the media The reaction appeared to involve the whole circumference, 
and to have spread in an axial direction After the biopsy the patient ex- 
perienced striking rehef from the severe type of headache, though the 
generalized form remamed She appeared comfortable, but 10 days after 
admission had a severe attack of giddiness, followed by nausea and vomitmg 
She had further simdaT attacks over the succeeding days, but no physical 
sign of nervous mvolvement could be detected until three days after the 
first attack, when it was noted that the patient was totally deaf in the left 
ear, and partially so m the right For the next seven days she became 
irrational, she was incontinent of unne and faeces, and at times difficult to 
keep m bed Her condition then improved and hearing returned so that she 
could hear the normal voice at 2 feet m either ear She appeared to be well 
orientated, though extremely querulous and still occasionally incontinent 
Neurological exammation at this time was stiU negative, whilst the cerebro- 
spinal fluid was under normal pressure, contammg 47 mg per 100 o o protein, 
and no increase in cells The Wossermann reaction was negative Two weeks 
later she began to detenorateagam, and lapsed mto coma ShediedonlS 6 45, 
14 months after the commencement of her lUness During her stay in hospital 
she was apyrexial, except for a termmal nse m temperature Autopsy was 
earned out 12 hours after death 

Post-mortem examination The subject was an emaciated elderly woman of 
small stature No abnormahty could be found in the pencardium The heart 
(280 gm ) was larger than expected There was slight fatty change m the 
papillary muscles, and the ventricular wall showed flecks of fibrosis The 
valves were relatively mcompetent, but healthy The aorta was extremely 
atheromatous, and showed several small, dark brown, thickened patches At 
the site of the latter, a thickening could be felt to extend through to the 
pen-arterial coat There was no sign of thrombus formation The great vessels 
of the head and neck appeared normal, apart from some atheroma of their 
ongms Both lungs showed basal congestion and oedema, and at the apices 
there were old tuberculous scars, but otherwise the lungs were normal The 
hver was normal There was a considerable degree of oholesterosis of the gall 
bladder, and it contamed a tmy cholesterol polyp No sigmficant change 
could be seen m the spleen Both kidneys showed a mild degree of pittmg of 
their surfaces due to vascular degeneration The superficial vessels of the 
bram were congested, and an occasional small subarachnoid haemorrhage was 
present on the vertex Both optic nerves showed marked softenmg No 
marked change could be found in the mesentenc, femoral, or subclavian 
artenes There was some thickenmg of the upper part of the radial arteries 
Hxsiology In the heart there was patchy degeneration of the muscle fibres 
and well-marked replacement fibrosis Lymphocytic and plasma cell infiltra- 
tions were marked in the adventitia and media of the coronary arteries 
The adventitial reaction could be traced to the arterioles, but the medial 
infiltration was restricted to the mam branches Apart from oedema and 
congestion the pulmonary tissue appeared to be normal The central cells of 
the fiver lobules showed degeneration and shrinkage Pigment deposition 
was marked and the changes appeared to be a form of brown atrophy 
Reticulo- endothelial cells of the splenic pulp showed evidence of hyperplasia, 
but otherwise the splenic tissue was normal The renal cortical tubules were 
degenerate, but the glomeruli were normal, and there was no evidence of any 
change in the renal vessels In the brain tmy softenings were common in 
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pulsation did not rcnppoar in the arteries of the foot The left leg remained 
in poor condition with very little circulation Ho was eventually discharged 
homo to continue rest with the hope that improvement in the circulation of 
tho loft leg would occur During the whole of his hospital stay ho ran a sliirht 
pjreKia to ^ 

Case 0 A married woman, nged 73 years She was admitted to the Qneen 
Elizabeth Hospital on 5 5 45 for observation on account of loss of weight and 
severe licndachcs She had had four healthy children, and her health had 
always been good until March 1044 She then began to complain of lack of 
energy, easy fatiguability, loss of appetite, and vague generalized muscle 
pains* These sjanptoms increased, bo that in August she ceased her work in 
a factorj^ for a rest In September slio developed pains across the shoulders 
and down the arms and legs, with some sw^clhng of the wrist joints About 
tho same time bIio complained of persistent generalized headaches of moderate 
60vcnt3 Her health continued to bo poor and in February 1045, while cross- 
ing a street, she developed double vision, lasting for five minutes She had 
no exacerbation of her hoadnoho at this time Two days later, happening to 
cover her left eye, she found that she was unable to see with the right 
Examination at anotlier hospital at this time showed some swelhng of the 
riglit disk, and vision restricted to perception of hand movements only 
Vision in the loft oyo was 6/30, and the fundus appeared normal There was, 
however, a slight general contraction of tho visual field with a marked defect 
in the lower nasal quadrant Four days after tho nght 03^0 was affected, she 
found that she could not see anything clearly with her left 03^0, and nothing 
in tho lower half of licr visual field During the next 24 hours she became 
iotall3’' blind Four wrecks later, and approximately eight weeks before being 
admitted to hospital, her headaches, which had never been completely absent, 
became more severe, with periodic exacerbations of sharp stabbmg pains, 
most marked over the left temple, and frequently waking her from sleep 
At tho time of admission tho headaches had somewhat improved She still 
had some limb pains, her appetite was poor, and she had lost 21 lb in weight 
since the onset of her illness 

Examination at this time showed a small co-operative woman, with marked 
generalized muscle wasting, w^eighing onl3" 0 sb Both temporal arteries were 
thickened and showed tlirombosis, tho loft being also very tender In the 
scalp there were several small areas of ulceration of tho skin supphed by the 
affected arteries The radial artery showed m addition marked tenderness 
and thickening 2 in in length just after its origin There was good pulsation 
in tho dorsalis pedis and posterior tibml arteries The heart was not enlaiged, 
the heart sounds were normal, and the blood-pressure 140/70 There was no 
clinical abnormalit3' to bo found in tho lungs or abdomen The nervous 
system, with exception of the findings relative to the eyes, showed no abnor- 
mality The pupils were moderately dilated with no reaction to hght or 
accommodation There was no perception of hght m either eye In both 
there was a generalized corneal opacity making observation diifioult Both 
disks wore pale and showed primary atrophy No exudates or haemorrhages 
were seen An X-ray of tho chest showed no abnormality The unne con- 
tained neither sugar nor albumin A blood count showed red cells 3,960,000 
per c mm , haemoglobin 74 per cent , and white cells 8,350 per c mm , with 
61 T>er cent polymorphonuclears and no increase of eosmophiles 

Kcsection of a portion of the temporal artery showed that the vessel was 
completely occluded by an organized thrombus There was a subacute inflam- 
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n-art©riti8 with obhterative changes in the vasa vasorum In parts the 
Idia was necrotic and thinned, and there was extension of the chronic in» 
mmatory reaction to the intima, which was thickened The left appeared 
he an older lesion The adventitia and media were very fibrotic The 
buna weis thickened, and there was still a lymphocytic and plasma cell 
filtration of the outer arterial coats The vasa vasorum showed obhterative 
dartentis 

On admission to hospital the patient had a temperature of 1 03° F Though 
fell with rest, it never disappeared, and was frequently noted to be 101° F 
er headaches were particularly severe, but after the biopsies those in the 
•mporal areas were reheved, while those m the occipital areas persisted 
le was also given mcotmic acid 300 mg daily in divided doses, with some 
meficial effect Her general condition improved gradually, though at the 
me of completion of the present paper she was still m hospital 
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the subcortical matter, and the related vessels showed thrombosis 

Some of the thrombi contained many polyraorphonuclears, but there was no 
evidence of any inflammatory reaction around these vessels The appearances 
in the aorta were almost identical with those seen m Case 3, the same adven* 
titinl and medial infiltration of inflammatory cells spreading in the longitu^ 
dinal axis of the vessel The clastic tissue and muscle fibres were largely 
destroyed There n ns marked atheromatous degeneration of the intima, but 
there vas no sign of thrombosis Tlio right radial artery showed marked 
endarteritis The media was broken up by plasma cell reaction, and the 
internal clastic lamina was fragmented In parts there was evidence of 
healing with fibroblast activity Some of the vasa vasorum vere thickened, 
and almost nil of them were surrounded b}’' a cuff of lymphocytes and plasma 
cells Tlic superior mesentone artery showed a similar inflammatory reaction 
with destruction of the media at the origin of the artery, but there was no 
sign of tins m the vessels of the coeliao axis, or inferior mesenteric artery 
Inflammatory reaction was present in the adventitia of the right femoral 
artery, hut it was slight and there was no evidence of spread to the media 
Both retinal arteries veto equal!}’' affected The lumen was obhterated by 
cellular fibrous tissue obviously formed dunng the organization of a thrombus 
The adventitia and media were infiltrated by lymphocytes and plasma cells, 
and the internal clastic lamina x\as fragmented and calcified A few giant 
cells were engaged in phagoc} tosis of these calcified fragments These changes 
could bo traced forward into the branches of each artery 

Case 7 A married woman aged 68 years, was admitted to the Queen 
Elizabeth Hospital on 8 8 45 complaining of severe headache Twenty years 
previously she had undergone a partial thyroidcctom} , but otherwise bad 
been well until two years prior to admission She had then suffered from 
sudden transitory attacks of dizziness and recurrent mild headaches once or 
twice a week These became worse and more frequent 12 montlis later until 
SIX months previous to admission, when she was often woken at night by the 
seventy of the headaches which were situated in the temporal and occipital 
regions She also had pains of moderate seventy in her legs Over the 
previous 12 months she had had little cmvgy and a poor appetite, losing 
32 lb in w eight Over the previous three months the arteries on her forehead 
Imd been tender and throbbing, and her scalp was so tender that at times she 
was unable to rest her head on the pillow She had had some pam on opemng 
her mouth, and some deterioration of eyesight 

Examination showed a thin, wasted woman weighing only 5 st 1:^ lb The 
arteries of the scalp w ore all dilated, reddened, tortuous, tender, and pulsating 
Pulsation was present in the dorsalis pedis and posterior tibial artenes No 
tenderness could be detected along the line of any of the arteries The heart 
was not enlarged The blood-prcssuro was 140/SO Exaramation of the nervous 
system showed no alteration in the reflexes, vibration sense, superficial sensa- 
tion, or co-ordmation Tlie fundi showed only shght arteriosclerosis and 
general narrow ing of the vessels The optic disks were normal 

A blood count showed red cells 4,380,000 per c mm , haemoglobin 80 per 
cent , and white cells 13,200 per c mm , with 77 per cent polymorphonuclear 
cells ’and no increase in eosmophiles The cerebrospinal flmd was under 
normal pressure, containing 32 mg per 100 co protein and no increase m 
cells The Wassermann reaction was negative m the blood and cerebrospinal 
fluid The unne contained no abnormality 

Resection of both temporal artenes was carried out The right showed a 
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THE LEAD CONTENT OF THE BLOOD AND ITS RELATION 
TO RAREFYING PROCESSES IN BONE^ 

By ALEXANDER BROWN 
(From the Royal Infirmary, Glasgow) 

Introduciton 

Even under the most prunitive conditions lead has been found to be 
a natmal constituent of the soil and vegetation, and lead occurs in the blood, 
unne, and faeces of human beings who subsist entirely on local agrioultural 
and animal products (Kehoe, Thamann, and Cholak, 1933 a) Amid the 
more vaned surroundings of civilization there is ample opportunity for 
the absorption of small amounts of lead, and the metal accumulates in the 
tissues until a state of equihbnum is reached (Kehoe, Thamann, and Cholak, 
1933 6) Investigations on the lead content of normal foods by the same 
authors (1933 c) have shown clearly that a small quantity of the metal can 
be demonstrated in most foods commonly in use* In certam classes of food 
more than the average amount may be present owmg to the methods of 
preparation and preservation employed Drinking water may constitute 
a major source of lead if soft water flows through lead pipes or is allowed 
to stand m a lead tank Even without these additional factors drinking 
water contains a demonstrable amount of lead It is not surprising there- 
fore that, whenever accurate methods of analysis have been apphed to the 
vanous tissues of the body, lead has been detected m persons subject to no 
more than the normal domestic exposure In a review on the lead hazard of 
the normal subject Mmot (1938) concluded that the average daily mcidental 
exposure is probably from 0 2 to 0 4 mg of lead The results of Kehoe and 
his associates m the Umted States, and of Tompsett and Anderson (1935) m 
Glasgow are m close agreement m this respect The latter authors investigated 
the lead content of the tissues obtamed at autopsy from 20 persons with no 
known occupational exposure to lead The metal was found m aU the 
tissues examined The mean concentrations in milligrams of lead per kilo 
of fresh tissue from adults were, hver 1 73, kidney 1 34, spleen 1 68, brain 
0 5, nb 8 66, vertebra 7 09 Analysis of four foetuses (four to eight months 
gestation) revealed lower values, but agam lead was found m all the 
tissues m each case Exammation of 25 samples of blood from 21 persons 
gave values of 40 to 70 fxgnx per 100 o c , with a mean value of 65 /xgm 
It IS evident that the highest concentrations of lead occur in the bones, 
a findmg suppox^d by all workers m this field High concentrations may 
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occur in tho bones of older subjects (Minot, 3 038) The femora and tibiae 
contain mncli liigbor concentrations than do ribs and vertebrae (Tompsett, 
1930) Tho Tuotnl when ingested is first deposited in tho trabeculae, and in 
time, as tho less soluble tertiary phosphate, m the cortex (Gant, 1938) The 
more recently absorbed lead is thus stored in a situation from which it may 
be readily mobilized 

In many respects the metabolism of lead and that of calcium are analogous 
Jlany factors influencing calcium storage and mobilization have been shown 
to nfFcct lead in n like manner, but one aspect has been ignored Calcium 
may be mobilized by many osteolytic lesions nnd hj’porcalcaemia may follow 
It seems reasonable to suppose that, in a person oven without occupational 
exposure to lead, tho load which is present in the bones may be mobilized by 
rarefying conditions affecting the skeleton The mobilization of calcium from 
tho bones by conditions associated with local or general increase in bone- 
marrou activity is well known Hypcroalcacmia has been recorded in myelo- 
matosis (Baldndgo and Fowler, 1933, Caylor and Nickel, 1933, North, 
1930, Woodard and Higinbotliam, 1937) and metastatic caremoma (Mason 
and Warren, 1931, Baldndgo and Fowler, 1933, Gutman, Tyson, and 
Gutman, 193C) Ostcolj^tio bone lesions have been observed radiologically m 
lymphatic leukaemia (Poynton and Lightwood, 1932 , Baldndgo and Fowler, 
1933 , Snolhng and Broum, 1934 , Graver and Copeland, 1935 , Clark, 1936 , 
Connor, 1937) In other forms of leukaemia there is less tendency to demon- 
strable rarefaction of bone, but in one case of the myeloid type metastatic 
calcification occurred (Graj'zcl and Ledorer, 1939) Even when there is no 
radiological ovidcnco of bone absorption, tho marrow hyperplasia of leukaemia 
or 6c\ CTO anaemia almost always produces trabecular absorption which can 
be demonstrated at autopsy Tho excretion of calcium is increased m hyper- 
parathyroidism, and also in feeding with tho thyroid hormone (Aub, Bauer, 
Heath, and Ropes, 1929 , Blotncr and Cutler, 1941) In these conditions 
calcium may bo liberated from the skeleton, and hypercalcaemia result In 
these conditions also lead may be liberated and the lead content of the 
blood may bo elevated above normal m persons not unduly exposed to the 
lead hazard 

Tho observations which prompted the present investigation were related 
to a case described elsewhere (Brown and Tompsett, 1946) in which symptoms 
of load poisoning developed suddenly at a time when no obvious explanation 
existed Tho man had been a type-setter for 12 years, when an acute 
generalized peripheral neuritis with flaccid paralysis developed without 
warning The most reasonable explanation was the liberation of stored lead 
m large amounts by marrow hyperplasia due to the development of subacute 
lymphatic leukaemia In this case, m a patient exposed to nn abnormal lead 
hazard, the occurrence of marrow hyperplasia mobilized sufficient lead to 
cause acute symptoms of lead poisonmg Death was due to acute plumbzsm 
rather than to the primary disease The chief purpose of the present study 
was to investigate how closely the lead-oalcium analogy held good m relation to 
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rarefying processes involving the skeleton in subjects previously exposed 
only to the domestic lead hazard The scope of the investigation and the 
methods are outlined below 

Clinical Material 

The subjects mvestigated comprised patients from the wards of the Glasgow 
Royal Infirmary, several from the wards of the Royal Cancer Hospital, and 
a number of semor medical students and colleagues They can be grouped 
as follows 

Group General description Number of cases 

I Normal subjects or patients with anatomical defects 60 

n Patients with miscellaneous conditions 20 

TTT Patients with metahohc or endocrme abnormality 6 

IV Cases of carcmoma without radiological evidence of skeletal 

metastases 26 

V Cases of metastatic malignant disease demonstrable m bone 14 

VI Patients with undue activity of the reticulo endothehal system 26 


Method of Estimation of Blood Lead 

Samples of venous blood were obtamed by means of a dry, sterile, stamless 
steel needle and a clean dry all-glass synnge and collected into an aoid- 
washed pyrex test-tube The method employed was that of Tompsett (1939) 
by whom it has been described m detail In extractmg the diethyldithio- 
carhamate lead complex with ether, it has been found essential to avoid 
contanunation of the extract with even minute amounts of the residue, 
because traces of copper carried mto the final stages may inhibit completely 
the reaction between lead and dithizone Throughout the estimations, and 
in the coUeotion of blood samples, the greatest care was taken to ensure 
freedom from contammation with lead The apparatus and reagents were 
prepared and used as described by Tompsett In each estimation 18 to 20 c c 
of blood were used 

Results 


As a prehminary to a more detailed statement on the various types of 
case mvestigated, a summary of the results m the different groups is pre- 


nted m 

Table I 



Number 


Group 

of coses 

10 + 

I 

60 

3 

n 

20 

1 

in 

6 


IV 

25 

7 

V 

14 



VI 

26 

2 


Table I 
General Results 

Blood lead m ^gm per 100 c c of blood 


4 

7 

2 

6 


14 

5 

1 

1 

1 

2 


18 

1 

1 

4 

1 

4 


1 — 

2 

— 1 

3 ^ 

1 4 

1 3 


39 5 
41 6 


916 
00 6 * 


♦ Excluding four cases without marrow hyperplasia (Table VT, Part I) 


Group I Values %n healthy adults Blood-lead values were estimated in 
a senes of normal subjects The results form a base hue to which the values 
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found in diseased patients may bo referred Altogether 60 normal subjects 
were investigated, comprising 22 medical students, eix raombers of the 
hospital medical staff, and 22 patients attending hospital on account of some 
structural abnormality such as hernia, pcs planus, or other local defect 
Fourteen had been warded for one to three days before blood was withdrawn 

TABLt II 


JiIisccIla7icons Oondtttons 


Cubo 

No 

Dihonso 

Blootl lend ngm 
per 100 c c 

Remarks 

1 

Cljromc noplintis 

37 

Verified post morUm 

o 

Subaciilo nephritis 

30 

Nephrotic Bjmdromo 

3 

Chrome nephritis 

20 

Blood urea 114 rag % 

4 

Epsontinl h}"portension 

00 


5 

>* 

20 



G 

f> f* 

28 


7 

>• «« 

27 



8 

RhonniatoKl arthritis 

75 

- 

9 


13 


10 

ft f* 

24 



11 

»» >f 

30 



12 

tf 

85 



13 

Osteoarthritis 

88 

' 

14 

»» 

03 

— 

IG 

Sciatica 

39 

Apparently pnrnary 

IG 

Spinal tuberculosis 

33 

Two vortebrao affected 

17 

lone stenosis 

23 

Non malignant, little sickness 

18 

Senile osteoporosis 

25 

— 

19 

Pagers disease of bone 

47 

Phosphatase ICS units Calcium and 

2D 

ft »» 

54 

phosphorus normal 

Phosphatase 21 0 units Calcium and 


phosphorus normal 

The others wro out-patients The blood lead varied from 11 to 81 /igm 
per 100 c c , with a mean of 39 5 /xgm , values in close agreement with the 
results obtained by other workers m Glasgow — Tompsett and Anderson 
(1035) 40 to 70 /igm per 100 c c , and Chalmers (1940) 30 to 80 ^gm per 
100 cc They are of particular interest in relation to the values obtained 
in disease in patients from the same part of the country and therefore, in 
general, subject to roughly the same doracstio lead hazard 

Group II Valves associated with miscellancovs diseases Investigation of 
a group of cases of different t}"pes, unsolected except that conditions associated 
with a high scrura-caloium were excluded, was undertaken as an additional 
check on the values found m other groups Twenty cases were mvestigated 
and the relevant details arc described in Table II The range of values 
obtained was from 13 to 88 fxgm per 100 c c , with a mean of 41 6 /tgm 
These figures arc not significantly different from the normal values 

Group III Valves xn endocrine and mdabohe disorders Six cases of endo- 
erme and metabobo disorders note mvestigated, comprising three cases of 
hyperthyroidism, two of myxoedema, and one of nutntional and lactation 
tetany, previously desenbed by Anderson and Brown (1941) In all cases the 
results were within normal limits, but as may occur with many estimations^ 
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it os impossible to be sure that a given value is a patient’s normal level 
The value may have altered significantly and still remam wnthm the normal 
range Case 22 is a case in point A value of 98 /xgm per 100 c c was 
present before thyroidectomy and values of 57 to 38 /igm one to six months 
after operation Whether this represents a reduced mobilization of the metal 


Table m 

Endocrine and Metabolic Disorders 


Case 

No 

Date 

Disease 

Blood-lead ftgm 
per 100 c c 

Bemarks 

21 



HyperthyxoidiBin 

42 

Before premedication 

22 

19 6 41 

ff 

98 

If 

27 6 41 

yt 

67 

Four weeks after thyroidectomy 


16 12 41 

JJ 

38 

Six months after thyroidectomy 

23 

23 12 41 

tf 

70 

BMB +76 % 


1 1 42 

9t 

88 

Untreated 


2 02 42 

If 

71 

After operation 

24 

— 

Myxo edema 

26 

— 

26 

22 I 42 

Jf 

26 

No treatment 


2242 

>> 

33 and 42 

>> 11 

26 

— 

Low calcium tetany 

30 

Serum oedoium 6 9 mg % 


associated with a fall m the basal metabohc rate remains undecided, but the 
possibihty must be admitted 

Group IV Maltgiiant disease without bone meiasiases This group com- 
prised 26 patients all of whom had a primary mahgnant tumour In some 
the growth had been excised, and m some, whether or not local removal had 
been attempted. X-ray therapy was being given In no case was there radio- 
logical evidence of skeletal metastases The vertebral column, long bones, and 
pelvis were examined m all cases In most mstances only one lead estimation 
was earned out, but in a few the patient was re-examined at a later date 
and a further estimation performed All but two patients showed values 
for blood lead withm the normal range (Table IV) These two cases may 
have had secondary deposits m bone, but metastases were not demonstrable 
radiologically Case 38, with a blood lead of 105 /igm per 100 c c , com- 
plained of pains in the limbs Case 47, with a blood lead of 137 ftgm per 
100 c c , had no complamt, but subsequent examination revealed a blood lead 
of 122 figm and serum-calcium of 12 1 mg per 100 oc In six cases re- 
exammed after an mterval of one to five months the contmued negative 
radiological findings were strong evidence that the previous normal lead 
value had been obtamed in the absence of skeletal metastases 

Group V Malignant disease with sleleial metastases This group comprised 
14 patients with secondary bone mvolvement by mahgnant disease In mne 
the primary lesion was caremoma of the breast One case of sarcomatosis 
was included All coses showed radiological evidence of bone mvolvement 
The lead values and relevant clinical details are shown m Table V A range 
of values from 36 to 140 ^gm per 100 c o , with a mean of 91 5 /^gm , was 
observed This represents a considerable extension of the range and a marked 
increase of the mean It is of interest to note that m Case 62 at a second 

IQ K*w Swle* Xo, 67] q 
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No 

Date 

27 



28 

30 ] 41 
10G41 

29 


30 


31 

. — 

32 

17 241 
5 3 41 
11 341 
30 4 41 

33 



34 


35 

5 2 41 
7 7 41 

3G 



37 


38 

— 

39 



40 


41 

1 7 41 

42 

— 

43 


41 

2 10 41 
22 1 42 

46 

7 11 11 
15 12 41 

4G 


47 

15 1241 
18 12 41 

48 

9 10 41 
ID 1241 

49 

— 

60 

— 

51 

24 12 41 

Cnso 

No 

Dale 

62 

— 

63 

— 

54 

— 

55 

— 

5G 

— 

57 

— 

58 

— 

69 

— 

CO 

— 

61 

— 

62 

10 12 41 
18 12 41 

63 

— 

04 

— 

66 

— 


Table IV 

Mahgnant Disease without Demonstrable Meiastases in Bone 

Blood load 

ato Primary lesion por 100 o c Romarka 

— Carcinoma of breast 28 


Caremomn of larj^Tix 
Carcinoma of breast 
Carcinoma of stomach 


Carcinoma of breast 
Caremoma of corv i\ 
Carcinoma of breast 


— Spongioblastoma 

— Carcinoma of cor\ ix 

— Carcinoma of breast 


Still feels very well 


^lotastascs m liver 
No motastasca 


Carcinoma of prostate 

>> ft 

Caremomn of breast 

ft ft 

t* ft 

Seminoma 
Caremomn of breast 
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Tablb V 


Oedema of arm 


Paina in limbs 


Glands involved 
Arm oodomatous 
Skin inv oU ed 
Still no bone raotastascs 
Glands mvolvod 
Still no bone rootastases Cab 
cium 10 G mg % 

No ovidonco of raotastascs 
No ovidonco of raetastases 
Calcium X2 1 mg % 

No ovndence of raotastascs 

Pain m back Calcium 10*2 
rag o 

Ahvo and well m 1943 


Mahgmnt Disease wiiJi Meiastases \n Bone 

Blood load ^gm 

Primary lesion per 100 c c 

Rib sarcoma 140 Skull* n 

Carcinoma of breast 94 Spmal i 

,* ,* 102 „ 

Corcinoma of bronchus 124 Spine, I( 

Carcinoma of breast 98 „ 

Carcinoma of bronchus 99 Cervical 

Carcinoma of breast 98 Spine, Ic 

ft ft »' 

Malignant melanoma 36 Spine 

Caremoma of prostate 67 Pelvis (c 

Carcinoma of breast 113 In head 

,, 60 Serum o 

[[ „ 82 Direct n 

„ 118 Spme, p< 

* 47 Clavicle 


Remarks 

Skull, nbs, vertebrae, etc 
Spmal metastaaes 

ft tt 

Spine, long bones 

It tt 

Cervical vertebra 
Spme, long bones 


Spme 

Pelvis (osteoplastic) 

In head of humerus 
Serum calcium 12 0 mg 
DircK5t mvasion of atemum 
Spme, pelvTS 

Clavicle Serum calcium 
13 2 mg “i 
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the lead content of the blood 

exanuDation the blood, lead had fallen to normal, bnt the semm'Caloinm was 
12 0 mg per 100 c o In Case 66 a normal blood lead was found m assooia- 
tion with hypercaloaemia 

Table VI 


Diseases of the Reticulo-Endothdial System 

Part I CotfM Without Marrow Hyperplasia 


Case 


Blood lead /igria 


No 

Condition 

per 100 c 0 

Remarks 

66 

Permcious anaemia 

36 

Under control 

67 

ff 9f 

88 

>9 99 

68 

99 99 

46 and 56 

Almost complete aplama 



33 

Post-mortem specimen 

69 

Lymphadenoma * 

23 

Not anaemic , normal marrow 


* X-ray therapy for next four months, range of values m five estimations 
10 to 45 /igm per 100 c o 


Part H Oases With Marrow Hyperpl<isia 
Case Blood lead ^gm 


No 

Date 

Condition 

per 100 c c 

Remarks 

70 



Chrome myeloid leukaemia 

146 

Untreated 

71 

— 

99 99 99 

126 

99 

72 

7 2 41 

99 99 99 

95 

99 

73 

24 6 41 

99 99 99 

109 

99 

74 

3 11 41 

99 99 99 

27 

Untreated Calcium 
9 6 mg % 


8 12 41 

— 

30 

Treated Calcium 
11 0 mg % 

76 

— 

Acute myeloid leukaemia 

246 

Untreated 

76 

— 

99 99 99 

60 

99 

77 

— 

99 99 >> 

26 

99 

78 

— 

99 99 99 

92 

99 

79 

— 

99 99 99 

76 

99 

80 

— 

Chrome lymphatic leukaetma 

13 

Treated 

81 

— 

Subacute lymphatic leukaemia 

101 

Untreated 

82 

19 9 41 

Plasma cell multiple myeloma* 

130 

9f 

83 

23 4 41 

Permcious anaemia 

266 emd 240 

99 

84 

9 7 41 

99 99 

93 

99 

86 

24 12 41 

99 99 

40 and 37 

99 

86 

31 12 41 

99 tt 

40 

99 

87 

— 

99 99 

63 

99 

88 

114 41 

Iron deficiency 

106 

tt 


17 4 41 

99 99 

104 

Treated 


24 4 41 

99 99 

80 

— 

89 

10 7 41 

*> 99 

46 

Untreated 


16 10 41 

99 >> 

42 

Recovered 

90 

18 2 41 

Syphiha and anaemia f 

16 

No change 

Untreated 

91 

22 12 41 

Haematemesis 

48 

Reticulocytes 9 % 


24 12 41 

— 

86 

„ 10 % 


* During next three months, four values 41 to 62 /igm per 100 c c 
t At mtervols of three to seven days for four weeks, no significant change 

Group Y1 Diseases of the rettculo-endothdial system This group comprised 
26 patients who had some abnormahty of the reticulo-endothehal system 
In some no marrow hyperplasia was expected because there was no evidence 
of medullary mvolvement by disease, and the peripheral blood was normal 
In others the nature of the disease and marrow exammation indicated undue 
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maviov. activity The results and relevant details are shown in Table VI 
In Part I of Table VI are four cases in which no undue marrow activity 
was found or expected. Cases 00 and 07 were practically normal subjects 
Case 08 11 ns a severe case of pernicious anaemia with subacute combmed 
degeneration of the spinal cord Ho died of the latter condition, and at 

Taull VII 


Effect of X-ray Therapy tn LciiLaenm 


Date 

ro!)Tuar> 

7 

CAsn No 72 

White colls 
per c mm 

430,000 

Blood lend ^gm 
por 100 0 0 

05 


10* 

— 

05 


13 

200,000 

31 


15 

150,000 

21 

>* 

18 

105,000 

23 

*» 

21 

08,000 

3D 

»• 

20 

107,000 

107 

March 

3 

38,000 

15 

Juno 

11 

18,000 

45 

October 

1 



82 

ft 

10 

— 

54 

ft 

23 

— 

00 

December 18 

— 

30 and 41 f 


Thornp 3 ^ began Fobrunrj 10, 15 imnutcs before blood 'withdrawn 
t Sorum-cnlcmm 12 1 mg % 


CAsr No 73 


Date 

White colls 

Blood load figm 

(1941) 

per c mm 

per 100 c c 

Juno 24 

140,000 

109 

28 

— 

08 

July 2* 

— 

43 

» 3 

100,000 

30 

» 4 

180,000 

20 

i» 5 

— 

134 

M 7 

170,000 

24 

» 0 

170,000 

80 

» 10 

— 

43 

M 11 

— 

31 

„ 10 

190,000 

46 

» 10 

180,000 

61 

23 

— 

10 


* Therapy begun four hours before blood withdrawn 


autopsy active bone-marrow was found to be confined to a very small area 
of the upper end of tbo manubrium stemi Case G9 was observed over two 
years, during which time the peripheral blood remained normal Lead values 
on five occasions ranged from 10 to 45 /xgm per 100 c c Examination of 
the bone-marrow on three occasions revealed nothing abnormal, and there 
was no radiological evidence of bone absorption In Part 11 of Table VI are 
summanzed the findings m 22 oases m which undue marrow activity was 
present Only two of five oases of chrome myeloid leukaemia showed a value 
for blood lead within normal hmits In one (Case 72) the value was at the 
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Table VIII 

Effect of Specific Therapy in Permcxous Anaemia 

Case No 83 


Date 


Red cells, millions 

Blood lead /xgm 

(1941) 


per 0 mm 


per 100 c c 

Apnl 23 


1 60 


266 

May 6 


1 60 


186 

„ 9* 


1 40 


148 

„ 12 


1 74 


100 

16t 


2 00 


40 

„ 18 


2 40 


83 

„ 21 


3 00 


66 

24 

Juno 2 


3 26 


30 


4 27 


71 

„ n 


4 46 


66 

• Liver therapy begun 

t Reticulocyte response maximal 



Case No 84 



Date 


Red cells, millions 

Blood lead ugm 

(1941) 


per 0 mm 


per 100 0 0 

July 9* 


1 66 


93 

» 10 


— 


19 

11 


1 63 


16 • 

„ 13 


163 




14t 


— 


20 

„ 16 


1 77 




„ 16 


— 


14 

„ 19 


1 98 


67 

„ 21 


2 10 


— 

.. 22 


— 


36 

* Liver therapy begun 

I Reticulocyte response maximal 



Case No 86 




Date (1941-2) Blood lead 

figm 

per 100 0 c 


December 24 40 and 37 



26 

61 



January 

12* 

25 




17 

66 



»> 

21 

27 



it 

24 

26 



it 

30 

66 



February 6 

68 



* 

Liver therapy begum 





Case No 86 




Date (1941-2) Blood lead 

/igm 

per 100 0 c 


December 31 

40 



J anuary 

2 

45 



it 

6* 

40 



if 

9 

48 



it 

16 

26 



t> 

18 

37 



it 

21 

34 



it 

24 

28 




Liver therapy begun 
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upper limit of normal and foil with X-ray therapy (Table YD) In five cases 
of acute myoloid leukaemia one showed a very high lead value, and one 
showed a value at the upper limit of normal One case of untreated subacute 
lymphatic leukaemia showed a high value. In repeated examinations of 
a case of plnsma-cell mj^elomatosis showing osteolytic lesions throughout the 
skeleton an initial value of 130 figm per 100 co was found Subsequent 
values were v^thin normal limits In five cases of untreated pernicious 
anaemia a high blood level was found in one In Case 84 a high normal level 
foil with treatment Serial estimations revealed no sigmficant change in 
blood-lead level in two cases One case of iron deficiency anaemia showed a 
high value which fell vnth iron therapy A second case showed no significant 
variation before and after treatment In Case 90, with anaemia and a hyper- 
plastic marrow in association with sj^ihihs, no abnormal load levels were found 
on repeated examination In Case 91 a rise in blood lead was observed 
during the reaction to a sevoro hacmatemesis 

Fnrihcr obscriahons on the cjfccl of ircatmcnl on lead levels tn leuhxemta and 
pcrnicions anaemta Serial estimations of blood lead were made in two cases 
of clironic myeloid leukaemia Tlio results and relevant details are shown in 
Table VII In Case 72 the initial values were lugh, but not abnormally so, 
but immediate^ after X-ray treatment lower values obtained for about 
10 da3’s, A sudden nso m lead occurred during treatment and thereafter 
low values were found In this case the lead values were more or less 
parallel to the white coll count In Case 73, although an imtial high level 
was observed, considerable fluctuation occurred before X-ray therapy was 
instituted On the whole, however, lower values obtained with treatment, 
although the whitc-coll count was not significantly affected Senal lead 
estimations were earned out m four cases of pernicious anaemia In each 
case diagnosis was established on blood and bone-marrow findings A iusta- 
mine-fast achlorhydria was present in all In all the imtial red-cell count 
was below 1,500,000 per cmra and counts over 4,000,000 per omm were 
established within 40 days of commencing treatment with liver In two cases 
treatment was followed by a reduction in blood-lead levels (Table VUI) 
The onginal level in one was distmctly abnormal, while m the second, 
ft value of 93 ^gm was obtained In tho two oases in which initial values 
were on the low side of normal no significant change in the blood lead was 
observed to follow treatment 


Discicsston 

Investigation of tho common foods has revealed a general source of small 
amounts of lead Certam classes of foods may contam more than average 
amounts, for example, bread, meats, tinned foods, and green vegetables 
(Kehoo, Thamann, and Cholak, 1933c) In certam circumstances the water- 
supply may constitute a very real addition to the domestic hazard The 
maionty of town dwelhnga are not new, lead pipes are common, and storage 
tanks are often lead-lmed Specially when the water is soft, stagnation over- 
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night may result m the passage mto solution of appreciable amounts of lead 
Considerable variation m the lead content of the water-supphes may there- 
fore he expected, and the figures for several Glasgow distticts demonstrate 
this (Table IX) There is some doubt of the daily intake which shoulc^ be 
regarded as dangerous, but it is evident that many people m Glasgow are 

Table IX 

The Domestic Water-supply 


Distnot Description of supply Lead m mg per htre 

1 Glasgow Royal Infirmary 0 03 

2 Water drawn from large lead storage tank Mor ning 0 49 

Mid-day 0 54 

4pm 0 65 

Evemng 0 34 

3 Tenement ^vith lead inlet pipe 0 09 

4 Water drawn from large lead storage tank 0 27 

6 Mommg sample from supply of Case 83 0 31 


exposed to a considerable domestic hazard In some houses from this source 
alone a daily mtake of as much as 1 mg of lead may be anticipated 
Whether or not this high level is reached, the average mdividual is un- 
doubtedly exposed to small amounts of lead, and the metal is stored in 
most of the body tissues The highest concentration occurs m the skeleton, 
particularly in the femur and tibia (Lynch, Slater, and Osier, 1934 , Tomp- 
sett and Anderson, 1936 , Tompsett, 1936) Deposition of lead m the bones 
occurs most rapidly m the growmg ammal (Shields, Mitchell, and Ruth, 
1940) Recently absorbed lead is stored m the trabeculae and m time it 
IS deposited m the cortex as the less soluble tertiary phosphate (Gant, 1938) 
The trabeculae tend to contam higher concentrations than do the corticalis 
(Aub, Robb, and Rossmeisl, 1932) 

In proportion to the magmtude and rapidity of the osteolytic process, 
metastatic caromoma and other rarefying bone lesions may be expected to 
hberate lead from the skeleton The amount of lead hberated mil depend 
on recent exposure to lead, because in all cases trabecular absorption is the 
first change to occur In cases mth shght exposure the most active rarefying 
bone lesions may cause httle or no morease m the blood lead, 'which remains 
low throughout In cases with an unusually severe domestic exposure the 
occasional occurrence of high blood values is to be expected, specially early 
in the disease and in its most active phase An occasional report in the 
hterature on lead metabolism contains matter of interest in this respect 
Reference has already been made to the case of lead poisoning occurring m 
a lead worker m association with, and probably precipitated by, subacute 
lymphatic leukaemia (Brown and Tompsett, 1946) Gant (1938) described 
the case of a man aged 43 years who had worked with lead for 13 years He 
died of sarcomatosis and lead poisoning The possibility of mobihzation of 
lead from the skeleton by the disease was not considered Case 35 m the 
same senes was a woman of 40 years who was given 300 mg lead, as the 
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upper limit of normal and fell with X-ray therapy (Table VH) In five oases 
of acute myeloid Joukaemm one showed a very high lead value, and one 
showed a value at the upper limit of normal One cose of untreated subacute 
l3mphntic leukaemia shoued a high value. In repented examinations of 
a case of plnsnia-cell myelomatosis showing ostcoljdjic lesions throughout the 
skeleton an initial value of 130 /zgm per 100 cc was found Subsequent 
values wore within normal limits In five cases of untreated pemioious 
nnnomia a high blood level was found jn one In Cose 84 a high normal level 
fell uith treatment Serial estimations revealed no significant change in 
blood-lead level m tuo cases One case of iron deficiency anaemia showed a 
high value which foil with iron therapy A second case showed no significant 
variation before and after treatment In Case 90, with anaemia and a hyper- 
plastic marrow in association with syphilis, no abnormal lead levels were found 
on repeated examination In Case 91 a rise in blood lead was observed 
dunng the reaction to a severe bacmntcmcsis 

Further observatwns on the effect of ireat7nent on lead levels tn leukaemia and 
pernicious anacima Serial estimations of blood lead were made in two cases 
of chronic m 3 o]oid leukaemia The results and relevant details are shown in 
Table VII In Case 72 the initial values were high, but not abnormally so, 
but immcdiatol 3 * after X-ray treatment lower values obtained for about 
10 da3^8 A sudden nso in lead occurred during treatment and thereafter 
lou values wore found In this case the lead values were more or less 
parallel to the white coll count In Case 73, although an mitial high level 
was observed, considerable fluctuation occurred before X-ray therapy was 
instituted On the whole, however, lower values obtained with treatment, 
although the whitc-colI count was not significantly affected Senal lead 
estimations wore earned out m four cases of pernicious anaemia In each 
case diagnosis was established on blood and bone-marrow findings A bista- 
mino-fast aohlorhydna was present in all In all the initial red-cell count 
was below 1,500,000 per emm and counts over 4,000,000 per emm were 
established within 40 da 3 'S of commencing treatment with hver In two cases 
treatment was followed by a reduction in blood-lead levels (Table VIII) 
The onginal level in one was distinctly abnormal, while in the second, 
a value of 93 pgm was obtained In the two oases in which initial values 
were on the low side of normal no significant change in the blood lead was 
observed to follow treatment 


Discussion 

Investigation of the common foods has revealed a general source of small 
amounts of lead Certain classes of foods may contain more than average 
amounts, for example, bread, meats, tinned foods, and green vegetables 
(Kehoe, Thamann, and Cholak, 1933e) In certain circumstances the water- 
Bupply may constitute a very real addition to the domestic hazard The 
maionty of town dwellings are not new, lead pipes are common, and storage 
tanks are often lead-lined Specially when the water is soft, stagnation over- 
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It may be that factors other than treatment played a part m reduomg 
the blood lead m these cases Admission to hospital, and the change from 
a high domestic lead hazard to one which was very small (Table EK), may 
have been significant in this respect Thus lead is a normal hazard An 
additional mtake may occur in various circumstances some of which are 
certainly domestic The bones of the average person contam a significant 
amount of lead, some of which may be mobilized by any osteolytic process 
The occurrence of rarefying disease m bone may be associated with blood 
levels considerably above normal, and this response will be accentuated in 
proportion to the domestic hazard In circumstances associated with chrome 
exposure to lead in great degree, such as may occur in mdustry, the occur- 
rence of rarefying processes in bone may precipitate lead poisoning The 
blood-lead level is an mdex not of recent lead absorption alone, but of the 
balance struck between lead absorption and mobilization, and its excretion 
A patient may be anaemic because of lead mtoxication, he may be suffermg 
from lead mtoxication because he is anaemic, or because for some other 
reason his marrow is unusually active 

Summary 

1 In an mvestigation on 60 healthy adults, the lead content of the blood 
was found to be 11 to 81 /xgm per 100 oc Only one subject showed 
a blood level over 70 figm 

2 In a senes of 91 patients with vanous diseases 24 showed a blood lead 
of over 90 /xgm per 100 c c In all but two of these there was evidence of 
undue marrow activity, secondary mvolvement of the skeleton by mahgnant 
disease, or hypercalcaenua 

3 The highest values m the senes were obtamed from a case of permcious 
anaemia (266 ftgm per 100 c c ) and from one of myeloid leukaemia (246 
/igm per 100 o c ) In the former the domestic hazard wa^ found to be 
unusually great on account of the high lead content of the domestic water- 
s^Pply (0 31 mg per htre) 

4 Bbgh blood-lead concentrations may result from rarefymg processes m 
bone, even m persons without mdustnal exposure 

^ High concentrations of lead m the blood may not signify direct 
exogenous mtoxication 

My thanks are due to the members of the Staff of the Royal Infirmary 
and the Royal Cancer Hospital, Glasgow, for permission to investigate 
patients under their care, to Professor J W S Blacklock for permission to 
undertake the work from the Department of Pathology at the Royal 
Infirmary, and to Dr A B Anderson for helpful criticism and advice 
Dr S L Tompsett kmdly supphed the values quoted m Table IX, dis- 
tricts 1 to 4 

Part of the expenses of this work was defrayed by a grant from the 
Rankin Fund of the Dmversity of Glasgow 

ho\r Serica Ko. 57] g- 
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colloidal phosphate, over 15 days for recurrent breast carcinoraa with 
generalized mola^rt/ascs Death occurred four weeks later, although the pre- 
paration IS reported to be of relatively low toxicity There was much greater 
retention of lend in the kidney (2 52 mg per cent ) than boa been found m 
other cases treated m a similar way Gant ascribed the deficient storage 
in the bones to the time factor, but it may bo that storage was defiDient 
owing to the multiple skeletal mctastascs In a review of the blood-lead 
values of 189 eases, none of which had had abnormal exposure to lead, 
Willoughbj and Wilkins (1938) included 145 cases with carcinoma and eight 
vith myeloid leukaemia Tlic blood-lead value m the whole senes ranged 
from 0 00 to 0 09 mg per 100 c o Only nine cases showed a value above 
0*00 mg per 100 c c and all these were in the ^ malignant^ class No details 
ns to the presence or obscnco of motnstascs in the eases of carcinoma were 
given, and the authors concluded that the malignant and non-mahgnant 
groups wore in ngreemont 

In the present review of 141 subjects 60 wore healthy and 20 compnsed 
a group of miscellaneous conditions in which a raised sorum-calcium was 
highly improbable The range of values from each group was not sigmfi- 
cantlj’ difloront — 10 t-o 88 pgm per 100 c o The great majority of cases of 
malignant disease w ithout X-ray ovidonco of bone involvement showed values 
within this range In two eases, however, raised values were obtamed, but 
in them the possibility of the presence of mctastascs could not be excluded 
Skeletal mctastascs may bo massive and widespread before they are visible 
radiologicnlly (Wolfson, Rcznick, and Gunther, 1941) Almost the entire 
apongiosa of a vertebral body may be replaced by metastatic tumour without 
alteration m the X-ray appearances (Snuro and Mnner, 1937) In the first 
case (No 38) the symptoms wore in keeping with bone deposits Although 
the second case was free from symptoms, the primary growth was of the type 
w^hich commonly spreads to bone In addition hypercalcaemia was present 
Of 14 cases of malignant disease showing skeletal involvement, 10 showed 
blood-lead values above 90 /xgm per 100 c c Two cases showed normal lead 
values in tho presence of h 5 T)ercalcaemia Of four cases of reticulo-endo- 
thobal disease without evident marrow h 3 T)erplasia at the time of examina- 
tion, none showed a high blood lead, but among the cases with obvious 
marrow hj^iorplasia high values were frequently encountered It is of 
special interest that the hyperplasia m severe anaemia may be associated 
with increased blood levels In Case 83, in which imtial levels were abnormal, 
the domestic hazard was undoubtedly above normal (Table IX) In both 
anaemia and leukaemia 'the effect of reduction m marrow activity has been 
to reduce the blood-load levels In leukaemia, particularly, the levels are 
unstable This may bo related to the availability of the recently stored 
lead With X-ray therapy and reduced marrow activity lead will be stored 
m tho trabecular bone, whence it may be rapidly mobilized with the slightest 
increase m marrow activity The lead levels cannot be predicted from 
consideration of the white-cell count (Case 73, Table VII) 
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DESCRIPTION OF AN OUTBREAK OF BERIBERI^ 

WITH SPECIAL REFERENCE TO THE AETIOLOGY OF 
BERIBERI AND EPIDEMIO DROPSY 

By E R CULLINAN, A KEKWICK, and A S WATTS 
(from East Africa Command) and W L TITMAN (Medical 
Department, Kenya Colony) 

With Plate 6 
Iniroduci%on 

The vanons forms of the clmical syndrome which has become known as 
henben have been recognized for many years The neuntis was described m 
1642, while the wet form was associated with it in 1835 (Bioknell and Pres- 
cott, 1942) The classical observations of^Takaki (1887), Eijkman (1897), 
and many other later workers led to the conception that the cause of the 
condition is a lack of thiamin m the diet Epidemics of the disease, however, 
have been described among people whose thiamin intake has been theoreti- 
cally sufficient for health, and most clinical observers consider that thiamin 
lack alone is an over-simplification, and that m outbreaks of henben other 
aetiological factors are present (Wilhams, Mason, Wilder, and Smith, 1940 , 
Meikle]ohn, 1940 , Walshe, 1941) By some it haa been thought that, because 
thiamm is mtimately bound up with carbohydrate metabolism, the amount 
of thiamm m relation to the calone value of the diet is the all-important 
factor (Wilhams and Mason, 1941 , CowgiU, 1938) More recently, in India 
epidemics of dropsy, clinically almost indistinguishable from the wet form of 
benben, have been attributed to a toxic factor either m nee or m other food 
in the diet (Bigland, 1934 , Mukherji, Lai, and Mathur, 1941) There exists 
therefore amongst populations whose staple food is nee a clinical pattern 
for which aetiological factors have been found, some known and some only 
Bumused Of those known lack of thiamm produomg benben, and a toxm 
produemg epidemic dropsy are the most important- The' present paper is 
a report of an outbreak of the syndiome amongst troops where it was possible 
to trace m detail the sources and issues of the vanous articles of their food 
A detailed study was made of the epidemic with a view to coUectmg evidence 
which might throw bght on the aetiological factors mvolved in the production 
of the syndrome 

The OnibreaL 

The troops were part of the East African forces, and were located in an 
isolated island garrison town which had irregular communication with the 

^ Received September 20, 1945 
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mainland by ship and some communication by aircraft They were made 
up of three races, British, African, and Mauritian The local situations were 
such that the central small garrison town housed a number of units, aU of 
which were comparatively small in number (Table Vlll, Group A) Apart from 
these troops there were two outlying sections of the garrison several miles 
distant, each commumcating with the garrison town by a road (Table VIII, 
Group B and C) All troops were housed m good barracks and were living 
in excellent conditions The climate of the area was hot and humid, but the 
ohmatio conditions during the tune of the outbreak were not different from 
those at similar tunes during previous years Suddenly on March 12, 1945, 
mne men from Group B reported sick to their medical officer with oedema 
of the legs The medical officer carried out an inspection of aU the remammg 
troops in the group, and a further 26 men were found to be affected Durmg 
the subsequent few days (up to March 22) the whole garrison of 1,546 Mauri- 
tians and Africans were examined and all Europeans questioned A further 
24 cases were found, makmg a total of 69 oases, an mcidence of 38 per 1,000 
All these oases occurred m native troops recruited from the East African 
territories , no Europeans and no Mauritians were found to have oedema of 
the legs 

From the subsequent sections it will be seen that we considered that the 
nee diet of the garrison was at fault, and on March 24 the diet was altered 
From this time onwards the number of cases steadily diminished, and finally, 
a week later^ on April 1, 1945, no further oases were being reported, the 
outbreak had ceased as suddenly as it had begun 


Tht Syndrome 

Twenty-two oases were carefully exammed m hospital (Table I) The 
patients had been lU for an average time of 11 days The range, except for 
one patient, who stated that he had been ill for 30 days, was three to 20 days 
Excluding the exception, the onset of the outbreak must have been about 
February 27, 1946 

All the patients complamed of an imtial swelling of the legs , in many this 
was followed by a feelmg of tightness of the legs on wa lkin g, and m some of 
pain Many complamed of weakness of the legs and a few of general fatigue 
In two oases the gait was markedly affected AU patients were apyrexial 
while m hospital The general physical state was, if anything, better than m 
a large group of East African native soldiers examined during a nutritional 
survey on the standard army diet (Kekwick and Wnght) Other mono- 
symptomatic evidence of malnutrition was consistently absent In only two 
patients could mosaic skm or abnormal pigmentation of the tongue be found 
Pitting oedema extended up to the knees in all (Plate 6, Fig 1) Evidence 
of venous or lymphatic obstruction was sought, as these two conditions, pro- 
duced on the one hand by thrombophlebitis and on the other by buboes, are 
not uncommon amongst such troops No evidence of either could be found 



Table I 
Clinical Table 
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mainland by ship and some communication by aircraft They were made 
up of three races, British, African, and Mauritian The local situations were 
such that the central small garrison town housed a number of umts, aU of 
which were comparatively small m number (Table VIH, Group A) Apart from 
these troops there were two outlying sections of the garrison several miles 
distant, each communicating with the garrison town by a road (Table VUI, 
Group B and C) All troops were housed m good barracks and were living 
in excellent conditions The chmate of the area was hot and humid, but the 
climatic conditions during the time of the outbreak were not different from 
those at similar times durmg previous years Suddenly on March 12, 1946, 
nme men from Group B reported sick to their medical officer with oedema 
of the legs The medical officer carried out an inspection of all the remaining 
troops m the group, and a further 26 men were found to be affected During 
the subsequent few days (up to March 22) the whole garrison of 1,646 Mauri- 
tians and Africans were examined and aU Europeans questioned A further 
24 cases were found, makmg a total of 69 cases, an mcidence of 38 per 1,000 
All these cases occurred in native troops recrmted from the Eeist Afncan 
territories , no Europeans and no Mauritians were found to have oedema of 
the legs 

From the subsequent sections it will be seen that we considered that the 
noe diet of the garrison was at fault, and on March 24 the diet was altered 
From this time onwards the number of cases steadily diminished, and finally, 
a week later, on Apnl 1, 1945, no further oases were bemg reported, the 
outbreak had ceased as suddenly as it had begun 


The Syndrome 

Twenty-two cases were carefully exammed m hospital (Table I) The 
patients had been ill for an average time of 1 1 days The range, except for 
one patient, who stated that he had been ill for 30 days, was three to 20 days 
Excluding the exception, the onset of the outbreak must have been about 
February 27, 1946 

All the patients complamed of an imtial swellmg of the legs , m many this 
was followed by a feehng of tightness of the legs on walking, and m some of 
pam Many complained of weakness of the legs and a few of general fatigue 
In two cases the gait was markedly affected All patients were apyrexial 
while m hospital The general physical state was, if anything, better than in 
a large group of East Afncan native soldiers examined durmg a nutritional 
survey on the standard army diet (Kekwick and Wnght) Other mono- 
symptomatic evidence of malnutrition was consistently absent In only two 
patients could mosaic skm or abnormal pigmentation of the tongue be found 
Pitting oedema extended up to the knees in all (Plate 6, Fig 1) Evidence 
of venous or lymphatic obstruction was sought, as these two conditions, pro- 
duced on the one hand by thrombophlebitis and on the other by buboes, are 
not uncommon amongst such troops No evidence of either could be found 
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Ponphoral nountis was ovidcncccl by sluggish or absent deep reflexes m 
18 cases, and diminution of sensation to light touch or superficial pam m 16 
cases Deep sensation was unafTcoted Nothing else abnormal was found on 
examination of the nervous system. There were no abnormal signs in the 
lungs or abdomen The pulsc-ratcs were high m five of the men (88 to 100), 
and normal in 17 The systolic and diastolic blood-pressures were normal 
Tlio oxcrciso tolerance tests were slightly abnormal in seven No clmical 
ovidcnco of enlargement of the heart was discovered, but teleradiograma 
revealed nght-sidcd dilatation of the heart m four out of eight, and the size 
was at the upper limit of normal m a further two Elcctrocardiagraph 
records v cre taken of nine patients Right ventricular preponderance was 
shown m three , shortening of the P/R interval was present m almost all 
cases and was below 0 14 see m five Tlio adrenahn test was made in all cases 
This test consists of moasunng the effect of adrenalin on the blood-pressure 
It 13 said that m bonbcri the diastolic pressure drops sharply (Bicknell and 
Prascott, 1942) In all 22 cases the response was normal and no sigmficant 
drop could be obtained Urines wore examined and all found to contam 
chlondcs, giving evidence that chloiido metabolism was intact One urine 
contained albumin The whitc-ccll counts and differential coimts were 
normal in all The sedimentation rate was raised in two and normal m 
10 cases The capillary fragility test was normal in all The packed-cell 
volume of the red blood corpuscles was estimated and found to be low mil 
of the 22 cases. One of the most interesting features was the plasma-protems 
From a study of normal East African native soldiers it had been previously 
found (Kckvick and Wright) that on the standard army diet the total 
protein figures wero within the normal range for Europeans, but the 
albumin globulin ratio was significantly reduced The mean figures and 
standard deviations were 

Total protein 7 15 i 0 6 

Albumin 3 01 db 0 46 

Globulm 3 24 db 0 60 

Albumin globulin ratio 122 ldb0 20 

It can be scon (Table U) that m the patients with oedema the total 
protein figures were withm the normal European range, but the albumm 
globulm ratio was raised rather than lowered We were unable to account 
for this finding 

After this 63 cases wore treated under controlled conditions They were 
divided mto three groups, in the first the patients were given 1 mg of 
thiamin and 1 oz of yeast daily, m the second 1 oz of yeast, and m the 
third a small dose of ammonium chloride as a control Table III shows 
the details of recovery of the three groups It will be noticed, comparing 
Groups 1 and 3, that the time between the start of the disease and the start 
of treatment was comparable, but that the duration of the disease had been 
shortened m Group 1 Group 2 occupies an mtennediate position 

It appears that the oedema of the legs which was the presontmg sign m 
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these cases, was caused neither by venous or lymphatic obstruction, hypo- 
protemaemia, or renal disease The right-sided dilatation of the heart 
and the penpheral neuritis support our opmion that this was mdeed an 
outbreak of a benben-hke syndrome Furthermore, it appears that the 
administration of thianun exerted a beneficial effect on the course of the 
disease As regards the climcal differentiation between the two diseases 

Table n 

Plasma-Protein Estxmaiions on 12 Gases 

Case Total protem Albumin. Globulm Albumin globulm 

No (gm per 100 c c ) (gm per 100 c c ) (gm per 100 c c ) ratio 


1 

7 56 


5 26 

2 30 

23 1 

2 

7 14 


4 99 

2 16 

23 1 

3 

8 55 


640 

316 

17 1 

4 

8 34 


6 40 

2 94 

IS 1 

6 

084 


6 40 

144 e 

37 1 

6 

6 75 


4 32 

2 43 

18 1 

7 

7 60 


4 78 

2 72 

17 1 

8 

7 20 


6 33 

1 87 

28 1 

9 

6 98 


4 99 

197 

26 1 

16 

7-44 


4 99 

246 

20 1 

19 

7 96 


6 40 

2 65 

21 1 

22 

6 36 


4 80 

1 66 

31 1 




tabm ni 





Restdis of Treatment 





Number 

lUneas to start 

Euration of 

Total duration 



of 

of treatment 

treatment 

of illness 



patients 

(moan days) 

(mean days) 

(mean days) 

Group 1 






(1 02 U yeast and 1 mg 

29 

2 46 

64 

89 

thiamm daily) 


(0 to 13) 

(1 to 18) 

(1 to 19) 

Group 2 






(1 oz yeast daily) 

18 

0 833 

9 22 

10 65 




(0 to2) 

(1 to 17) 

(3 to 18) 

Group 3 






Ammonium ohlonde 

16 

3 31 

12 0 

14 7 

(as a control) 


(1 to 10) 

(1 to 21) 

(4 to 27) 


Note — ^Figures m brackets indicate limits m number of days 


benben and epidemic dropsy, in favour of benben are firstly the absence of 
haemorrhages and the normal capillary fragihty (Lai and Roy, 1937) and 
secondly the absence of any marked gastro-mtestmal symptoms (Bigland, 
1934) In favour of epidemic dropsy are the facts firstly, that muscle tender- 
ness vras absent , secondly, that the haematocnt readings were low , and 
thirdly, that the signs of peripheral neuritis when present were of such 
a mild character that they might have been produced only by the oedema 
acting on suggestible subjects 

The Diet 

The standard diet of East African native troops has been described else- 
where (Anderson, 1943) and is shown m Table IV The diet is not veiy 
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varied in relation to the foodstuffs issued and docs not contain a very high 
proportion of first-class protein From the point of view of the present paper 
the important factor is that the staple article of food in the diet was maize 
meal, a food which also provides the largest proportion of the diets of these 
natives in their homes In November 1044 it was found that the isolated 
position of the garnson and the fact that maize meal did not keep well 


Table IV 


Standard Datly Ration Scale, African Troops 


Commodify 
iVIniro mcnl 
Rjco, millwl, raw 
Mont, frc9h, low grndo 
Ghee or fiubifitufo 
Frc^h \ogotnb)cfl 
Potatoes or 
Swcot potatoes or 
Pens or 
Bonns or 
Oromdnut^ or 
Clioroko (pens) 

Ornngo 

Supjar 

Salt 

Tea 


Quantity issued, oz, (approximate) 

10 

4 

8 

1 

4 

0 

0 

4 

4 

4 

3 

3 

0 

4s 

1 

i 


under the cbmntic conditions precluded the use of maize meal as the staple 
food in the diet Nineteen ounces of nee were therefore substituted for the 
p^c^nou8 issues of 10 oz of maize meal and 4 oz* of nee In February 1945 
the stock of beans in the garrison was condemned owing to high weevil 
infestation Further, during the months of January and February fresh 
vegetables were m short supply By the middle of February the diet of the 
Afncan native troops was considerably changed and from this time onwards 
was ns shown m Table V The European and Mauritian troops were oa 
different scales and these are represented in Tables VI and VET It can be 
seen by companson of Tables V, VI, and VII that the mam differences 
between the food of the throe races concerned were as follows Firstly, the 
diet of the Mauntians and Europeans was considerably more varied than 
that of the Africans , secondly, rice formed a much greater proportion of the 
Afncan diet both m relation to known food factors and to bulk, and thirdly, 
the relation of first to second class protom uas better in the European and 
Jlauntian diets All three diets were theoretically adequate in known food 
factors The sources of all foodstuffs were common to all three races, as they 
were issued to the various units from a central pool 

Attention was concentrated on the nco supply for obvious reasons The 
Ticc was stored under good conditions m sacks It was, however, old, and 
indeed no information could be obtained os to when it had been cropped 
On inspection it appeared to be lightly milled, and this was later con- 
firmed by tests of xmcooked nee which was found to contain 0 03 mg of 
thiamm per oz. (mean figure of 1 6 samples) Mycological examination showed 
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varied in relation to the foodstulTa issued and does not contain a very high 
proportion of first-elnss protein From the point of view of the present paper 
the important factor is tlint the staple article of food in the diet was maize 
meal, a food -wlucli also provides the largest proportion of the diets of these 
natives in their homes In November 1944 it was found that the isolated 
position of the garrison and the fact that maize meal did not keep well 


Table IV 


Stovitanl Darhj liatwn Scale, African Troops 


Commodity 
Afni^o meal 
Kico, milled, Tnvr 
Meat, frc'^h, low grade 
Qhco or pubstituto 
Frc«ih \ogotable<? 
potatoes or 
Swcot potatoes or 
Pens or 
Henns or 
Groundnuts or 
Choroko (pens) 

Grange 

Sugar 

Salt 

Ton 


Quantity issued, 02 (approxunate) 

10 

4 

8 

1 

4 

0 

0 

4 

4 

4 

8 

3 
2 
i 

4 


under the climatic conditions precluded the use of maize meal as the staple 
food m the diet Nineteen ounces of nec were therefore substituted for the 
previous issues of IG 07 of mai7o meal and 4 oz of nee In February 1945 
the stock of beans in the garrison vras condemned o\7ing to high u’eevil 
infestation Further, dunng the months of Januar 3 »^ and Februaiy fresh 
vegetables were in short supply By the middle of February the diet of the 
African native troops was considerably changed and from this time onwards 
was as shown m Tabic V The European and Mauritian troops were on 
different scales and these are represented iii Tables VI and VXl It can he 
scon by comparison of Tables V, VI, and VII that the mam differences 
between the food of the three races concerned were as follows Firstly, the 
diet of the Dlttuntmns and Europeans was considerably more vaned than 
that of the Africans , secondly, nco formed a much greater proportion of the 
African diet both in relation to known food factors and to bulk, and thirdly> 
the relation of first to second class protein u as better m the European and 
Mauntxan diets All throe diets were theoretically adequate m known food 
factors The sources of aU foodstuffs were common to all three races, as they 
were issued to the vanous units from a central pool 

Attention was concentrated on the nee supply for obvious reasons The 
Tico was stored under good conditions in sacks It was, however, old, and 
indeed no information could be obtamed as to when it had been cropped 
On in^^pection it appeared to be bghtly milled, and this was later con- 
firmed by tests of uncooked rice which was found to contain 0 03 mg of 
thiamm per oz (mean figure of 16 samples) Mycological exammation showed 
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that 0 4 per cent of the weight was made up of a contamination with the 
spores and sporangiophores of a variety of mucor (Plate 6, Fig 2) This 
18 a surface oontanunant of the nee which can be removed by washmg 
There were present also a trace of mouse faeces and webbed chrysalises of 
moth Issues of this nee were made weekly to all units from a central store, 
and were accompamed by issues of ghee substitute which were obtamed m 
bulk from a pool supply which at the same time was being issued to African 

Table VIII 


Case Incidence %n Relation to Care and Preparation of Rice in Units 



Number 

Number 

Doubtful 


Attention 


of men 

of cases 

cases 

Incidence 

paid to 

TJmt 

examined 

foimd 

present 

per 1,000 

nee 

Group A 






1 

400 

4 


11 

/Fair 


39 

1 

+1 


i » 

2 

163 

0 

-H* 

0 

Good 

3 

130* 

0 

0 

0 

Excellent 

4 

64 

6 

+ 

111 

Very poor 

6 

24 

0 

0 

0 

Fair to good 

6 

38 

0 

0 

0 


Group B 






7 

314 

37 

-H- 

86 

Poor 

Group C 






8(a) 

124 

3 

+ 

24 

Fair 

(6) 

144 

6 

4+ 

41 

ft 

(c) 

83 

0 

0 

0 

ft 

(d) 

33 

2 

0 

60 

tt 


* Mauntian troops only 


troops elsewhere, among whom no cases of the disease had been reported 
It IS to be noted that this is m contradistmction to the nee supply which was 
confined to the troops of the affected gamson It was found, however, that 
there was considerable difference m the amount of attention paid to the 
cleaning and care of the nee m individual units after its amval from the 
central store Storemen, quartermasters, and cooks were questioned and an 
attempt made to differentiate between those units which took httle or no 
care and those which took particular care The observations were then 
correlated with the incidence of cases in the units (Table VT i 1) It can be 
seen that an impression is conveyed that the units paying attention to the 
nee had a lower mcidence than those which did not 

Disctisston 

Recent literature concerning the aetiology of the cbmeal syndrome which 
we desenbe favours two explanations for the condition, lack of thiamin or 
a toxin in the nee or m the oil used in its preparation Clinical distmction 
between outbreaks caused by one or the other is almost impossible Attempts 
have been made to differentiate between them by means of the blood sedi- 
mentation rate (Pasneha, Malik, and Lai, 1941) and the leucocyte count 
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(Annual Medical Reports, 1938, 1939) The medical authorities added con- 
siderably to the thiamm intake of this garrison as a preventive measure, but 
m spite of this precaution outbreaks occurred Furthermore, the medical 
authorities were confident that treatment of these cases with thiamm also 
produced a beneficial result In view of the evidence, therefore, we considered 
that the fact that the results of thiamm therapy were good was not sufficient 

Table X 

Effects of Feeding Pigeons on Different Types of Rice 



(Position at the end of 70 days) 




Initial 

Number 
died or 
sick, 
other 

Number 

developed 

defimte 

head 

Number 
ataxic, but 
no definite 
head 

Number 
m good 


number 

causes 

retraction 

retraction 

condition 

Group 1 

(Highly pohshed nee) 

4 

2 

2 

0 

0 

Group 2 

(Medium polished nee) 

6 

1 

4 

1 

0 

Group 3 

(Rice alleged to have 
produced dropsy) 

4 

0 

0 

0 

4 


Note — All the birds which developed head retraction or ataxia were cured 
within four hours by the administration of f^hiamm 

to warrant the assumption that lack of thiamm alone was the aetiologioal 
factor 

If lack of thiamm was not the cause of the outbreak the alternative theory 
of a toxm must be exammed Such a toxm may be air-bome, water-borne, 
or food-bome The distribution of oases withm barrack rooms and within 
units was exammed and there appeared to be no evidence that an air-bome 
toxm was likely to be the cause Furthermore the peace-time medical 
authorities who had experienced similar outbreaks also considered that 
epidemics were not confined to particular barrack rooms, nor spread from 
person to person In addition the epidemics always had a higher mcidence 
among the troops located on the coastal strip where no oommumcations exist 
between town and town unless they pass through central pomts where the 
disease was rare It was possible that the toxm was water-borne, so the 
water-supply of the different parts of the garrison was exammed Umts 
m Groups B and C (Table VIII) drew their water from mdependent wells 
havmg no connexion with one another Umts m Group A drew their water 
from the mam town supply which was mdependent of the wells at B and C 
The cases were distributed over all three areas It therefore seemed to us 
impossible to incnmmate water-supply The toxin might have been food- 
bome, and this theory conforms with the ideas of most previous observers 
The food of the gamson has already been described If any food is to be 
mcrimmated then it should be rice, the mam item m the African diet This 
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(Dutfc, 1D25), both of Trhich arc alleged to be raised where a toxin has catifled 
the condition and normal where lack of thiamin has been responsible It can 
be seen from Table I and from the account of the syndrome that neither 
these findings nor any others dearly indicated the actiological factors 
responsible for the epidemic It was decided m the first instance to deter- 
mine whether lack of thiamin was the cause of the outbreak. It can be seen 


Table IX 

Accepted Daily Mtmmim Levels of Thiamm Iniale 
Comparison with Present OutbreaL 


Authors 

Mg thiamm per 

Total thiamm 

1,000 caloncs 

intake (mg ) 

Jcinsen and \nn Vcon (1035) 

■ - . 

0 303 to 0^ 

Willmms and Mason (1941) 

05 

— — 

Stiobohnp and Plupanl (1030) 

0 303 

0 91 

Lonptio of Nations Committoo on Nutrition (1039) 

0 303 

0 91 

Bnchnrnch and Drummond (1040) 

— 

1*06 

Momn and Booth (1040) 

0 76 

— 

IJams and I^oong (1030) 

— 

00to091 

Stepp, Kuhnau, and Schroeder (1037) 



0 26 to 0 76 

Baker and Wnght (1030) 

OGl 

0 91 

Prc‘»cnt outbreak 

Europeans 

0 377 

1 093 

Mauritians 

0 26 

0-49 

Africans 

0 320 

0 926 


(Table IX) that the total theoretical thmmm intake of the three races diSered 
little , if anything the thmmm intake of the Africans was higher than that 
of the Mauritians, yet it has been noted that the outbreak was confined to 
African troops The total thiamin intake of all three races would be con- 
sidered adequate by most observers The intake of tbinmin in relation to 
the total caloric value of the diet is also recorded in Table IX In all three 
instances the thiamin intake per 1,000 calories was of an order which has 
been thought by some to bo sufficiently low to cause beriben Again no racial 
distinction can be drawn It was next considered that a possible explanation 
might lie in the fact that the thiamin was in some way mactive In order 
to test this h^qiothcsis n number of pigeons was divided into three groups, 
the first fed upon highly polished nee only, the second upon milled rice 
whose thiamin content was 0 02 mg per oz , and the third solely upon the 
rice from the mam stocks of the affected garrison Table X shows the 
position at the end of 70 days The only conclusion which can be drawn 
from this exponraent is that the thiamm was active and adequate in relation 
to pigeons It seemed to us improbable m view of the lack of other evidence 
to suppose that it was inactive m relation to man The only evidence m 
favour of lack of thiamm appeared to be the results of the clinical tnal 
recorded In peace time, however, the area holds a garrison of native troops 
which are of different stock from those concerned m the present outbreak 
Amongst these, explosive outbreaks of a similar clinical syndrome are common 
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tammated nee is mucii greater than in fresh nee cooked in the same way, 
for the same time, m the same pans Secondly, the amount of heat actmg 
on the nee, represented as the amount of nee cooked, appears to mcrease 
the amount of destruction Confirmation of this was obtained by estimating 
samples taken from the top and bottom of the pan , the destruction was 
58 per cent at the top and 86 per cent at the bottom Thirdly, the time 

Table XTI 


of Feeding Pigeons on Contaminated Rice GoolM 

Number Number Number 

died or developed ataxic, but 

sick, definite no defimte 

Number 

Imtial 

other 

head 

head 

m good 

number 

Group 1 

Rice alleged to have pro- 

causes 

reaction 

retraction 

condition 

duced dropsy (uncooked) 4 

(See Table X) 

Group 2 

Rice alleged to have pro- 

0 

0 

0 

4 

duced dropsy (cooked) 4 

0 

3 

1 

0 


Note — All the birds which developed head retraotion or ataxia were cured 
within four hours by the administration of thiamm 

for which the rice is cooked affects the amount of destruction The average 
time for which the nee was cooked for the affected troops was 17 minutes 
It IS realized that these results are not statistically significant, hut we never- 
theless consider that they are suggestive Fourthly, washmg of the rice before 
cooking makes no difference to the thiamm destruction Mention has been 
made (Table VIII) of the fact that units paying attention to the care of 
their nee had a lower moidence of the disease than those which did not 
This included the washmg of nee Platt (1939) stated that, where nee is 
washed, the thiamm content is d imini shed and that outbreaks of benberi 
are sometimes confined to communities which wash their rice clean Our 
impression m this outbreak was to the contrary There was, however, a great 
deal more than mere washmg imphed m the words ‘care of nee’ 

In order to confirm our theory that cookmg had destroyed the thiamm, 
four pigeons which had previously been fed on 0 8 oz of imoooked nee per 
diem, were fed on the same dry weight of the same nee cooked The resiilts 
are shown m Table XII Not only did these pigeons develop signs of thiamm 
deficiency, but did so more rapidly than those on the pohshed nee (Table X) 
The pigeons on the pohshed nee developed the disease on the 29th, 30th, 
and Slst days, while on the cooked nee they developed the disease on the 
18th, 20th, 22nd, and 26th days 

It is our opimon that while the thiamm content of the nee appeared to 
be adequate to prevent henben, some other substance had developed m the 
rice which, during the process of cooking, destroyed the thiamm so that 
the cooked gram was capable of produemg beriben Thiamm chloride is 
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also conforms with accepted ideas in similar outbreaks The peace-time 
medical authorities readied the eonclusion m 1939 that the abolition of nee 
m tho diet seemed to be the only method of preventmg such epidemics 
(Annual Jlcdioal Report, 1939). There is nothing inconsistent on epidemio- 
logical grounds nith tho theory that a toxin which was present in the nee 
acted upon the subjects Such a hypothesis fits all tho known facts and 

Table XI 


Deterioration of Thiamin Content of Rice after Cooking 





Amount of 

Timo of 

Percentage 


Sample 


nco cooked 

cooking 

loss of 



(gni) 

(min ) 

thiamm 

Tre^^h nco 



150 

20 

30 

ff If 



50 

20 

31 

Contaminated 

nco 


150 

20 

60 

If 

ff 


150 

20 

58 

f> 

f f 


100 

20 

60 

f p 

*» 


100 

20 

60 

»» 

ff 


50 

20 

70 

*f 

PI 


50 

20 

88 

ff 

ff 


50 

15 

63 5 

Contaminated 

nee washwl before cooking 

50 

20 

76 

f » 

»f ff 

IP 

50 

15 

63 

pf 

ff tf 

If 

50 

16 

52 

tt 

f» ff 

IP 

50 

20 

03 

f» 

If If 

ff 

50 

15 

62 

Contaminated nco wofllicd onU 


50 

0 

13 5 

ff 

ff pf 


50 

0 

18 2 


Mean tosses (contnminntod nco cooked) 

After 20 minutes cookmg - 07 5 % 

1C ft »» **05 0*0 

Mean Joss (total) - 04% 

After 20 minutes cooking 150 gm -59% 

M „ 100 „ -03% 

ft tf tf ft *■ /6 7*o 

Note — Standard method of cooking and same pans used throughout 
Contaminated nco ns supplied to affected troops 

would label tho outbreak ns one of epidemic dropsy Students of similar 
previously described outbreaks have reached tho snmo conclusion as a result 
of epidemiological studies only E^penmcntal evidence that such a toxin 
exists IS, however, scanty, and evidence that it nets directly upon man, as 
far as we know, almost non-oxistcnt (Lai, Das Gupta, Mukherji, and Adak, 
1941) It appeared to us, however, that the evidence m tins, as in similar 
outbreaks, was negative and hence unsatisfactory The same epidemiological 
evidence would fit an alternative theory that the toxm acted upon the 
thiamin rather than upon the subject In order to examine this hypothesis 
samples of tho contaminated nee were cooked and their thiamin content 
rc-cstimatcd The results are recorded m Table XI It will be seen irom 
a study of the Table that firstly, the destruction of thiamm m the con- 
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known to bo destroyed l)y alkaline solutions and becomes increasingly 
unstable at pH more alkaline than 0 0 The pH of the water m which our 
experiments wore undertaken ranged from G 2 to 0 4 The changes in pH of 
the water before and after the rice was cooked wore negligible Such a pH 
should not give a high rate of thiamin destruction More important than 
this in our opinion is the fact that the destruction of thiamin in fresh nee 
when cooked in the same water was very much lower than that in the con- 
taminated nee, and if the pH of the water accounted for the destruction 
this should not be so The importance of our observations is that outbreaks 
of epidemic dropsj should, in our opinion, bo regarded as bonbon until it 
can be sliown that I lie thiamin is not destroyed in the process of cooking 
It IS of little value to estimate the thmmin content of uncooked nee and to 
calculate from it the sujiposcd thiamin intake of the subjects It is possible 
indeed that only one aotiological factor exists to account for both these 
diseases, namely thiamin lack, although many more observations will have 
to be made before such a liypothcsis can be established Wo have attempted 
during this discussion to follow our own trends of thought dunng the investi- 
gation At first it seemed ns though there was a tj’pical outbreak of benben, 
although its explosive character suggested tliat it might bo epidemic dropsy 
Later ns tlio thmmin content of foods was estimated and as epidemiological 
facts came to light, it seemed as though it was an epidemic of dropsy Later 
still VC considered that, although according to accepted standards the out- 
break V as consistent with one of epidemic dropsy, the toxin had not operated 
direct!} upon the subjects but rather upon the thiamin 

Sitmnanj 

1 An outbreak of a syndrome clinically indistinguishable either from 
beriberi or epidemic dropsy is described amongst troops in an isolated 
garrison Three races were represented, European, Jlauntian, and Afnean 
Tlie outbreak was confined to African troops 

2 The diets of all three races are described 

3 Investigations were earned out to elucidate the aetiological factors 
responsible 

4 Epidcrmologically the outbreak was indistinguishable from the accepted 
descriptions of epidemic dropsy usually attnbuted to the presence of a toxin 
in the food 

6 Evidence is produced that m this epidemic the thiamm was destroyed 
dunng cooking of the old contaminated nee 

C It IS considered possible that epidemic dropsy and beriben are the same 
disease, and probable that somo outbreaks, similar to the one desenbed, are 
caused by destruction of thiamm in cooking the food, rather than by its 
absence 

Wo would like to express our thanks to Bngadier R Cormack, Deputy 
Director of Medical Serrocos, East Afnea Comniand, and to the Gamson 
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THE HEART IN ANAEMIA^ 

By ALASTAIR HUNTER 

(From the Caxdiac Department of the London Hospital) 

With Plates 7 to 9 
IifUroductton 

Abkorixal signs m the cardiovascular system, together with symptoms 
which might arise from it, have for many years been recognized in anaemia 
In the early part of the nmteenth century Laenneo (1846) and Hope (1839) 
both observed cardiac murmurs of inconstant character m chlorosis, and 
later, Bamberger (1857) and Enedreich (1861) commented on the patho- 
logical findings of fatty mfiltr^ation and degeneration, together with dilatation 
and mcreased weight of the heart More comprehensive studies of haertuc 
murmuiB were made by Irvine (1877) and Barrs (1891), both of whom found 
them to be systoho m time, usually situated at the base of the heart, and 
only to be distinguished from the murmurs of valvular disease by their dis- 
appearance after treatment of the anaemia Presystobc and diastolic murmurs 
m severe anaemia without pathological evidence of valvular disease were 
found by Fnedreioh (1861), von Noorden (1891), Sahh (1895), and Cabot and 
Locke (1903) Subseq[uent authors (Goodhart, 1880 , Kraus, 1906 , Oertner, 
1923 , Gunewardene, 1933) have confirmed these findings, and anaemia 
IS now established as a cause of cardiac murmurs which normally disappear 
when the blood is restored by treatment (White, 1937) It has been generally 
behoved that the murmurs of anaemia are caused by associated cardiac 
enlargement, but some writers, notably Sahh (1895) and Gard (1944), have 
believed that a decreased viscosity of the blood was an important factor 
Abnormalities of the heart sounds have attracted httle notice, although 
Gnmberg (1930) noticed accentuation of the apical first sound, and Kline- 
felter (1942) later recorded a presystobc element m this sound by stetho- 
cardiogram m sickle cell anaemia, but reports of additional heart sounds, 
giving a triple cardiac rh3rthm usuaUy described as ‘ gallop' m type, have 
been made by Gunewardene (1933) and others (Bouohut and Froment, 1934 , 
Marchal, Souli4, and Roy, 1936 Sharer and Pietrafesa, 1940) m severe 
anaemia, usually with heart failure 

Enlargement of the heart appears to have been first noticed in pathological 
studies Later authors, notably Cabot and Richardson (1919), Bouchut and 
Froment (1934), Bouchut, Froment, and Bonnet (1934), Grunberg (1930), 
and Rcid (1923), have stressed the mcreased weight of the heart in various 

' Received October 16, 1046 
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typcR of anaomm and have described hypertrophy and dilatation, m addition 
to the fatty changes Cabot and Richardson n cro careful to exclude evidenoo 
of hypertension or artenosolorosm, but did not always state detailed catena 
of hypertrophy, so that the possibility that fatty changes by themaclm 
caused an increase in the n eight of the heart and the thickness of the muscle 
should bo romemhered Microscopic studies which support the finding of true 
hyiiortropliy have been tunclo (Fahr and Ronzonc, 1922 , Nemot and Gross, 
193C), although some of these have been in sickle cell anaemia, in which 
thromboses in the pulmonary circulation are likely to have been important 
(Diggs and Clung, 1034, Horn, McCalla, and Thomo, 1027, Sternberg, 
1930, Yatcr and Hansmann. 1030) The first clinical studies of enlarge- 
ment m anaemia were those of Starke (1803) and Gautier (1899) who 
reported enlargement, determined by an increased cardiac dullness on 
pcrcii‘^sion, in clilorosis, and claimed that it sometimes regressed after 
treatment of the anaemia Radiological evidence of enlargement was first 
found b\ the early workers m tins field in Germany and Vienna, for ilontz 
(1913) demonstrated it h\ orlhodiagrams in severe secondary anaemia, and 
showed that the heart became smaller nftor treatment Shortly afterwards 
Zondek (1919) and Assmnnn m 1922 (Assmann, 1934) published similar find- 
ings in chlorosis and m anaemia from Boihnoccphalus lahis infestation, and 
Diction (1923) in a ca‘?o of pernicious anaemia showing enlargement of the 
heart in a tcloradiogram Later Goldstein and Boas (1927) published tele- 
mdiograras showing enlargement in anaemia, and distinguished a left sided 
typo mainly invol\ing the left \entriolc, and a mitral typo with a straight 
left border which they ascribed to a left auricular salient Although Ball 
(1931) used succo'^sno tolorndiograms to demonstrate in a woman, anaemic 
from uterine haemorrhage, an enlargement which became smaller with im- 
provement in the blood picture, no considerable study was made by this 
mcfcliod until Porter (1937) published his findings in 18 cases of chronic hook- 
worm anaemia Ho found enlargement in all his eases, as judged by the cardio- 
ihoracic ratio and the prediction formula of Hodges and Eyster, and showed 
that this diminished in the majority, although still persisting m some, when 
the anaemia bad been treated It was believed that these findings indicated 
a primary cardiac dilatation which could be lessened by treatment of the 
anaemia, but might otherwise lead to an irreversible hypertrophy Shortly 
after this, Tung, Bicn, Ch’u, and Wang (1937) made similar studies in 10 cases 
of verv sovero and long standing anaemia, mostly hypochromic, and found 
enlargement in nine In eight tho heart became normal m size after treat- 
ment There have been other observations of cardiac size m hookworm 
anaemia (Gupta, 1042 , Hcibg, 1942), sickle cell anaemia (Diggs and Chmg, 
1934 , Klinefelter, 1042 , Yatcr and Hansmann, 193G), and Cooley’s anaemia 
(Ncmet and Gross, 1930), together with case reports m vanous types of 
anaemia (Dassen and Parodi, 1930 , Fahr and Ronzone, 1922, Sharer and 
Pietrafcsa, 1040), and in spite of criticism (Paxsons and Wright, 1939) of the 
radiological technique in some of these it can now be recognized that cardiac 



THE HEART IN ANAEMIA 


109 


enlargement ■which may regress after treatment can occur in anaemia 
(Zdansky, 1939, Roealer, 1943) It has been suggested that myocardial 
anoxaemia is the cause of the cardiac enlargement in anaemia (Lewis and 
Drury, 1923) and both the enlargement found in man after residence at 
high altitudes, and the chnioal and pathological changes found in ammals 
under conditions of low oxygen tension (Campbell, 1927 , Porman and 
Daniels, 1930, Van Liere, 1927, Ludke and SchuUer, 1910) support this 
view Eecent work, however, has shown that there are gross disturbances 
of the circulation in anaemia and these may be even more important in 
producmg cardiac enlargement Outstanding among them is a raised cardiac 
output which has been repeatedly demonstrated by the older respiratory 
methods (Dautrebande, 1925, GroUman, 1932, Nielsen, 1934, Richards 
and Strauss, 1928 , Stewart, Crane, and Deitnck, 1937), and more recently 
by Sharpey-Sohafer (1944) usmg mtracardiac catheterization for the deter- 
mmation of the oxygen content of the venous blood Sharpey-Schafer has 
also found a raised venous pressure by this method and claims that it is an 
important factor m raising cardiac output It has been shown (Eyster and 
Middleton, 1924 , Sharpey-Schafer and Wallace, 1942) that cardiac enlarge- 
ment can be produced by overloadmg of the circulation, and that conversely 
a decrease m cardiac size can follow massive haemorrhage (Dietlen, 1923 , 
Meek and Eyster, 1921) so that there are grounds for beheving that changes 
in venous pressure may exert an appreciable influence on the heart in 
anaemia 

Cardiac pain like that of angma pectoris was first recogmzed m anaeima 
by Herrick and Nuzum (1918), and later by ^Coombs (1926) Since then it has 
been fairly freq^uently reported m the hterature (Bemstem and Ginzburg, 
1942, Bloch, 1937, EUiot, 1934, de Matteis, 1936, Pickering and Wayne, 
1933, Stalker, 1937, Vatcher, 1939, Zimmerman and Barnett, 1944), 
Wilhus and Giffin (1927) m particular findmg evidence of it m the records 
of 43 out of 1,660 oases of permoious anaemia, where it was closely associated 
with other cardiac signs, tachycardia, murmurs, and enlargement f The 
descriptions have shown the pam to be like that of angma pectoris, except 
that it does not often radiate to distant areas, and that it is seldom the 
presentmg symptom, bemg often overshadowed by dj^pnoea, palpitation, 
and lassitude (Froment and Guiran, 1939) In many of the reported cases 
appropriate treatment of the anaemia has abolished the pam Sometimes 
evidence of coronary artery disease has been found post mortem^ but not 
always, for Cabot (1926) and Elhot (1934) have both reported cases where 
the coronary arteries have been healthy In spite of this, many writers have 
denied that anaemia alone can cause cardiac pam 

^ Electrocardiographic abnormalities m anaemia seem to have been first 
reported by Ussoff (1911), and latterly by Coombs (1926) and Serf (1929), 
each of whom described lowered T waves Turner (1932) found low- voltage 
curves m severe anaemia, and Elhot (1934) S— T segment depression in a 
smgle fatal case where the coronary arteries were normal post mortem 
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Transitory prolongation of tho P~R interval in anaemia was desenbed by 
Pickering and Wajne (1033) Later authors (Dassen and Parodi, 1936, 
Elhs and Paulkmcr, 1039 , do Mattois, 1036 , Porter, 1937) have studied the 
electrocardiogram, and Bloch (1038) found ahnormahtiea m 47 out of 83 
patients, namely low^-voltagc curves, R--T segment depression, and flattening 
or inversion of tho T waves in one or more loads A return to normal of the 
electrocardiogram was sometimes observed after treatment, although this 
did not always occur oven whore there was no reason to suspect other forms 
of heart disonso S/ckclj^ (1040) also studied a considerable senes of cases and 
his findings agreed substantial!}’' with those of Bloch Neither of these 
authors was able to correlate closely the incidence of electrocardiographic 
abnormalities with tho seventy of tlic anaemia, and both behoved that the 
youth of some of thoir patients excluded coincident coronary artery disease 
Other observers have reported negative electrocardiographic findings in 
studies of anaemia patients numbering from 12 to 113 (Hochrem and 
Matthes, 1935, Reid, 1923, Smith, 1933) It has been generally agreed 
that m}ocardial anoxaemia would account for these changes, specially since 
the} linvo been reproduced, often accompanied by cardiac pain (Levy, 
Barach, and Bruenn, 1938), in man by exposure to low atmospheric oxvgen 
tension (Greene and Gilbert, 1921, liCwis and MathisGn, 1910, Mathison, 
1910, Rothschild and Kissin, 1932), bub this explanation cannot hold good 
for other changes such as S-T deviation and T wave inversion which have 
been found after ma^^sivc haemorrhage (Aschonbrenner, 1935 , Bloch, 1937 , 
Marchal, S011I16, and Ro}, 1035, Master, 1942, Schorf and Klotz, 1944, 
Scherf, Reinstein, and Klotz, 1941) In these cases recovery, either sponta* 
ncously, or after infusion of sabneor blood, hnssuggested that they were caused 
by disturbances of the blood-volume and tho general circulation (I\Iarchal, 
Souli6, and Roy, 1 035), a view in agreement wnth tho findings in experimental 
bleeding of animals (Marchal, Soub6, and Baug£, 1938, Radnai, 1935) 
Altliough the symptoms and signs of anaemia have often simulated those of 
other kinds of heart disease with failure (Coombs, 1920 , Gunew'ardene, 1933), 
congestive failure seems to be uncommon Cabot (1926) found li'posi moriem 
in 12 out of 23 fatal oases of pernicious anaemia with large hearts, and it 
w^as also present in six of Tung, Bicn, Ch^u, and Wang’s (1937) nine patients 
It was observed by Bouohut, Froment, and Bonnet (1934) and Bouchut and 
Fromont (1934) m association with gallop rhythm, and successfully treated 
with digitalis, an expencnco not shared by others 

In spite of tho literature reviewed above, comprehensive climoal studies 
of the heart in anaemia aro not numerous and have mostly dealt with selected 
types of anaemia, or cases of great seventv (Gmnberg, 1930 , Stneok, 1924, 
Zuckerstem and Pozmak, 1936) It seemed desirable, therefore, to undertake 
an investigation into tho common anaemias of moderate seventy, the more 
BO as no such work had been found m the literature of this country, although 
a similar study by Ellis and Faulkner (1939) has been made in the Umted 

States of Amenca 
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Personal Observations 

Material All cases observed were seen at the liOndon Hospital during the 
last two years, and were chosen because their presenting symptoms and 
signs led to a general diagnosis of anaemia, only those bemg excluded where 
the anaetoia was caused by some mortal lUness such as oarcmoma or 
leukaemia Care was also taken to reject those with comcident nutritional 
or endocnne disorders, such as myxoedema, or with a raised diaphragm from 
any cause, since these factors are known to mterfere with the estimation of 
the size of the heart The liabihty of anaemia to simulate other types 
of heart disease makes it difficult to exclude orgamc cardiac lesions with 
certamty, but all patients with known or reputed valvular disease, or hyper- 
tension, were rejected In all, 34 patients were included, 26 female and 
8 male, their ages varying from 30 to 71 years with an average of 40 years 
In 27 the anaemia was hypochromic with or without chrome bleedmg, 
usually from the gaatro-mtestmal tract , in five it was Addisoman, and in 
two refractory The seventy of the anaemia, though never extreme^ varied 
from moderate to considerable, with imtial haemoglobm values of from 
22 per cent to 55 per cent Two cases seemed to fall outside these limits, 
but one with a haemoglobm of 16 per cent was seen after an acute exacer- 
bation of a chrome anaemia, and the other with a haemoglobm of 62 per 
cent had previously shown a much lower figure Apart from an occasional 
leucopema there were no other sigmfioant changes in the blood count 
Haemoglobm was estimated by the Sahli method The duration of the 
anaemia was hard to estimate because of the insidious character of the 
symptoms, hut m the majonty it was measured m months, although m 
three it was of a shorter duration with a mimmum of one week, and in six 
it had lasted for years, with a maximum of 20 years The main features of 
the cases are summarized in Table I 

All the patients were treated in bed, except five who were ambulant 
Observations on the pulse rate, blood-pressure, and heart were made at the 
begmmng of treatment, at an intermediate stage, and at the end, the exact 
time dependmg on clinical progress and the blood count The size of the 
heart was determined by teleradiograms, and electrocardiograms were taken 
initially m most cases and repeated later m some The findings so obtamed 
were correlated with a blood count made on the same day The only treat- 
ment given was that appropriate to the anaemia, almost invariably the 
exhibition of iron or hver, which were given in dosage sufficient to bring 
about an improvement, or to justify their withdrawal as meffective The 
observations were contmued until a haemoglobin level of 90 to 100 per cent 
was reached, except when the cardiac findings were negative, when they 
were not always prolonged beyond 80 per cent The time taken was 
generally several months, but sometimes extended over a year or more 
Symptoms The general symptoms of anaemia, such as lassitude, pallor, 
and anorexia, were almost always present, but only those suggestive of 
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cnrdinc disensc, dyspnoea, palpitation, and cardiac pain, will be discussed 
Dyspnoea w as the most common symptom, occurring m all but two patients , 
it was se\oro in three and slight in fire, and was never present at rest 
There nas never orthopnoea or paroxysmal dyspnoea, indeed the most 
breathless patient could lie flat m bed with only a single pillow, m contrast 
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with patients suffering from frank heart failure There was no relation 
between the Beronty of the dyspnoea and the other cardiac signs No 
abnormal physical signs were present in the lungs, and there was no definite 
radiological evidence of pulmonary congestion Treatment of the anaemia 
alwnjB relieved the symptoms Palpitation was the symptom next m fre- 
quency, being found in 18 patients and only on exertion It usuall}^ unphed 
an increase in the rate as veil as the force of the cardiac impulse Cardiac 
pain similar to that of angina pectoris was present in eight out of 34 cases, 
that IS in almost a quarter of the series In three it was the presentmg 
symptom, but m the others it was overshadoued by lassitude and dyspnoea 
The character of the pain differed in no way from that of angma peotons, 
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for it was substcmal, tight, and constricting, although radiation to the left 
arm and back was noted only twice , it was present only on exertion, and 
often interfered with the patient’s daily life Pour other patients complained 
of tightness m the chest, without pain, but brought on by exercise and 
quickly reheved by rest, so that it seemed to differ only in seventy from 
the more typical anginal pain Complete and early abolition of the pam 
followed treatment of the anaemia m every case except one, where it per- 
sisted for some three months after the blood had become normal, and then 
ceased 

Ten of these patients were women and two men, three were 60 years or 
over, but five were 40 or less, and the youngest was 31 Hypertension 
was never present at the first examination, but in two of the older patients, 
a man and a woman, it was mamfeat when the anaemia hewi been treated 
Associated cardiac enlargement was present in seven cases Electrocardio- 
graphic changes, which will be discussed later, were found m three patients 
and were absent m six Smee so many workers have believed that anaemia 
alone cannot cause cardiac pain, these findings are sigmficant In the three 
older patients, though pam was abolished by treatment, one could not exclude 
underlying coronary artery disease (angma pectoris), specially smee hyper- 
tension was present in two and peripheral arteriosclerosis m one In the 
five younger patiente who had no hypertension, and were of an age when 
angma pectons in women is admittedly uncommon, there was good reason 
for believmg that the pam was due to the anaemia alone The similar 
expenence of Bloch (1938) and the negative necropsy reports are so definite 
that it IS difficult to understand on what grounds they can be doubted , 
indeed the findings are striking enough to suggest that m any woman under 
40 without hypertension, and complaimng of cardiac pam, the cause may he 
an unrecognized anaemia Intermittent claudication was present in two 
patients, both men over the age of 50 years. Although the presence of 
hypertension m one, and the absence of dorsalis pedis pulsation m the other, 
suggested arteriosclerosis as the cause, the improvement after treatment of 
the anaemia was considerable 

Phyatcal signs The usual signs of anaemia with pallor of skm and mucous 
membranes were found Changes m the tongue and finger-nails were also 
frequently present, and slight degrees of oedema m the sacral area and the 
lower hmbs were seen occasionally, but there was never gross anasarca, 
ascites, or pleural effusion The cardiovascular signs will he specially dis- 
cussed and are summarized in Table II In the imtial stages the pulse-rate 
was variable and easily mfluenced by exertion, and there was usually a 
moderate tachycardia (below 120), even at rest In two patients the pulse 
was collapsing in character despite the absence of aortic mcompetence , 
otherwise no abnormal features were observed The resting blood-pressure 
in all patients v as imtially within normal hmits, with an average of 136 mm 
of mercury systohe, and 70 diastobc, while after treatment there was an 
average of 140 systolic and 80 diastobc The chief alteration was a rise in 
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both diastolic and systoho pressure The former was the more notable, as 
a difference of more than 10 mm wets seen m 16 patients and a nse of 6 mm 
in four Three showed considerable changes , m one the imtial blood-pressure 
rose from 140/65 to 180/100, m another from 130/66 to 200/100, and in 
a third from 130/60-0 to 130/90 In this last patient, m whom there was also 
cardiac enlargement and a third heart sound at the apex, the pulse was 
coUapSmg, and the diastohc end-point was difficult to estimate, as although 
there was a decrease m their intensity at 60 mm the sounds were heard 
loud and clear down to the zero level, as in severe degrees of aortic mcompe- 
tence On clmical grounds the finding of latent hypertension, becommg 
apparent m two patients after treatment, is important, as it might cause 
confusion in diagnosis, specially if cardiac enlargement which might other- 
wise be attributed to the anaemia were present 

Alterations m the character of the heart sounds were noticed m about 
half of the cases The mitral first sound was frequently prolonged and 
accentuated, sometimes resemhlmg that found m mitral stenosis, but more 
striking was the presence m eight patients of an additional third heart sound 
at the apex This latter findmg, which was sometimes recorded by the 
phonocardiograph (Plate 7, Eig 2), must be considered abnormal since all the 
patients were over 30 years of age (Evans, 1942) Both of these signs were 
associated with a moderate tachycardia, and disappeared when the pulse-rate 
slowed Cardiac enlargement was found m all but two of those with third 
heart sounds, and sometimes m addition there were signs of right heart failure, 
venous distension, hepatic engorgement, and electrocardiographic abnormah- 
ties Cardiac murmurs were heard m 30 of the cases, and none in four 
They were always systoho m time, except m one cose which showed an early 
diastohc murmur, and another a presystolio murmur An attempt has been 
made to classify the murmurs according to their mtensity, the term famt 
mdicatmg a murmur which would not have excited comment in the routme 
examination of a healthy subject, moderate where further investigation 
would have been needed, and rough where there would have been a strong 
suspicion of orgamc valvular disease Six murmurs were described as famt, 
16 as moderate, and mne as rough In 29 cases murmurs were heard at the 
apex, in 21 in the pulmonary area, and m six m the aortic area Twenty 
had murmurs at more than one site, mitral and pulmonary m 14, mitral, 
pulmonary, and aortic m six An apical murmur alone was present m nme 
cases and a pulmonary murmur m one Aortic murmurs were always accom- 
pamed by both pulmonary and mitral murmurs The louder murmurs were 
heard m two or often three areas, and the softer in single areas, generally 
the mitral It was also usually found that where multiple murmurs were 
present they were loudest at the apex, then in the pulmonary area, and least 
loud in the aortic area The murmurs were usually dimmished m the erect 
position, specially when their mtensity had lessened after treatment In 
nme patients murmurs, though never accompamed by thrills, were loud 
enough to raise a suspicion of valvular disease, although their distribution 
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made auch a diagnosis unlikely Twice an apical murmur with an unusnally 
loud firbt sound, and an additional third heart sound, strongly suggested 
mitral stenosis , and sometimes it was dilTicult to exclude aortic stenosis 
when the murmurs in the aortic area were particularly loud The fainter 
murmurs presented less difTiculty, although occasionally suggesting a shght 
mitral lesion The two diastolic murmurs, one late or prcsystolio at the apex, 
and the other early in the fourth loft interspace near the sternum, led to 
diagnoses of mitral stenosis and aortic incompetence respectively until their 
disappearance with treatment indicated their haomic origin The incidence 
of murmurs was not directly related to the seventy of the anaemia, for they 
wore often conspicuous when it was slight and absent when it was consider- 
able The duration of the anaemia seemed more important 

The wido'iprcad belief that cardiao enlargement is the cause of haemic 
murmurs was not confirmed, since their association was inconstant, and 
noticeable murmurs miglit bo heard where the heart was normal in size, and 
might be absent ulicro there uas enlargement The effects of treatment 
ucro aho different, for enlargement usuall}’^ diminished rapidly while murmurs 
persisted longer All murmurs were le^^scncd in mtensity hy treatment, and 
the majority disappeared or became negligible when the blood was normal, 
a feu, houever, persisted for some months after this before finally dis- 
appearing In short, murmurs might occur with any degree of anaemia, and 
might be difficult to distinguish from the signs of valvular disease, especially 
mitral and aortic disca^^c, but tbo recognition of anaemia necessitated caution 
until tbo treatment uns complete, when the diagnosis could be estabhshed 
uith ccrtaint 3 " Phonocardiogrnms wore made in a few cases They showed 
murmurs later m s^^stole than those of mitral disease 

Electrocardiography The standard bmb leads were recorded in 25 patients 
on one or more occasions Sometimes chest leads were used and have been 
designated according to the nomenclature recommended in 1938 by the 
Committees of the American Heart Association, and the Cardiac Society of 
Great Britain and Ireland ^ In 18 cases the standard electrocardiogram was 
normal, and in seven ro-examined after treatment there was no change 
Minor changes, flattening of the T wave m one or more leads, were observed 
in five cases Two of these returned to normal after treatment, but the 
others were unaltered In two patients the electrocardiogram was grossly 
abnormal In one of them, a woman of 42 yeavs with h 3 ^pochromic anaemia 
(haemoglobin 50 per cent ) and a history of cardiac pain on exertion, the 
electrocardiogram (Plate 7, Fig 3 b) showed a T wave low m lead I, and in- 
verted m II and HI The T wave was also flat in the chest lead CR^ and 
inverted m IVB Haemic murmurs were present, but no enlargement, and 
the blood-pressure was normal In spite of successful treatment of the 
anaemia with abolition of the pain, the electrocardiogram was unchanged 

» n^R indicates on axplonng electrode at the apex paired with an indifferent one 
upon the right arm CB^ indicates an cxplormg electrode m the 4th right mterspace 
near the sternum paired with one upon the nght arm 
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even on re-examination a year later In the other, a woman of 40 years with 
hypochromic anaemia (haemoglobin 40 per cent ) from chronic uterme haemor- 
rhage, and mild cardiac pain, the electrocardiogram (Plate 7, Fig 3 a) showed 
T low in lead I, flat m II, and mverted in III In the chest lead IVR T was 
upright, but it was inverted m GR^ Generalized cardiac enlargement and 
haemic murmurs were present, and the blood-pressure was normal The 
anaemia was successfully treated and the pam and murmurs disappeared, 
but the size of the heart and the electrocardiogram were unchanged when 
the patient was re-exammed 15 months later It is of course not possible to 
exclude additional coronary artery disease in these patients m spite of their 
sex and age, but neither the history nor the electrocardiographic patterns 
suggested cardiac infarction, and it seems more likely that anaemia alone 
was responsible for the abnormahties In two other patients with anaemia 
and cardiac signs there was mversion of T in the chest lead CR^ This is 
abnormal and a finding seen m right heart failure Further study with this 
lead might have been helpful 

Cardiac enlargement The size of the heart has been studied by means of 
successive teleradiograms taken, as mdicated previously, at the beginning 
of treatment, and subsequently at intervals detenruned by the progress of 
the patient The difficulties of comparing heart size by this method are not 
neghgible since several variables must be controlled if results are to be vahd 
Alterations m the height of the diaphragm can affect the size of the heart 
shadow, which can also be distorted by variations in the centering of the 
tube upon the patient m films taken at different times In strictly com- 
parable films the patterns of the bony thorax and the diaphragm should 
exactly comcide (Roesler, 1943) This is not always easy to achieve, but by 
careful positioning in all planes of the patient upon a fixed stand, and by 
prehmmary instruction m breathing, errors from these causes were reduced 
to a mmimum A relatively long exposure, at least 0 3 sec , helped to 
counteract the effects of different phases of the cardiac cycle The presence 
or absence of enlargement has been assessed from a visual impression of the 
size of the heart m relation to the bony thorax, as seen m teleradiograms 
and on cardioscopy Though making no claim to exactness this method is 
convenient and of sound practical value, while the various prediction 
formulae which have been calculated to allow for variations m height and 
body weight are open to criticism (Levy, Stroud, and White, 1943) Also it 
seemed that the best proof that a heart had once been enlarged because of 
anaemia would be the demonstration of a decrease m size when the condition 
of the blood had improved Twelve of the 34 hearts studied by these methods 
showed enlargement, 16 were considered normal in size and shape, while in 
SIX enlargement was doubtful Of the lost group, tuo showed a decrease 
in Size after treatment of the anaemia, thus proving that previously they 
had been enlarged Nine of the cases with large hearts showed a reduction 
in cardiac size after treatment , one other showed an apparent decrease 
which could not be properly assessed because of variations in the height 
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ofthcdmphragn^twow Enlargement was usually generalized 

and, nlthoiigh the loft vcntriolo \ins often prominent, fuUncsg m the conus 
region sometimes gave a straight left border to the heart, while it was not 



Interrupted line 20 12 43 „ 07 „ 

Dotted lino 15 2 44 „ 98 

possible to distinguish dcnrly tho leffc-sided and mitral types which have 
previously been described 

Tho reduction in cardiac size which vas observed in 11 oases can be seen 
in juxtaposed tcloradiograms (Plato S, Fig 4, and Plate 9, Fig 6), but 
diagrams traced from films taken on different occasions and superimposed 
upon each other (Fig 1) are more easily compared The reduction in size 
was always generalized, but in addition any straightening of the left border 
which had been initially present was replaced by a normal concavity 
Although exact measurements were not attempted, it maj'' be said that 
decreases in transverse diameter varied in amount from 0 7 cm to 1 8 cm 
Docs tho heart return completely to normal ’ With our present methods it 
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IS hard to say, but it was believed to do so m eight of the 11 oases where 
it had become smaller Three remained doubtful and have been described 
as full size, that is on the upper hmits of normality Definite enlargement 
persisted in three cases, there was no change in two, and a doubtful reduction 
in one The explanation of this is not clear except that in one the patient 


Differences 

Table m 

in the Haemoglobin Levels at which Enlargement 


Decreased and Murmurs Disappeared 


Haemoglobin percentage 

Haemoglobm percentage 

Case 

at which enlargement 

when murmurs 

No 

decreased 

disappeared 

18 

69 

103 

19 

62 

97 

20 

66 

100 (fitiU present) 

21 

86 

101 

22 

67 and 98 

98 

23 

84 

93 

24 

87 and 101 

101 

26 

68 

68 

31 

86 

86 

32 

64 

101 

33 

96 

96 

34 

99 

99 


refused further treatment while still anaemic, and m another there was 
a rheumatic history In the third the only obvious reason was a prolonged 
anaemia of 20 years’ duration, a conclusion subsequently confirmed post 
mortem There was no direct relation between the incidence of enlargement 
and the seventy of the anaemia This is in agreement with previous observa- 
tions and the mfluenoe of other factors has been suggested (Ellis and Faulkner, 
1939 , Tung, Bien, CJh’u, and Wang, 1937), specially the age of the patient, 
the nature of the anaemia, and the* amount of work done by the patient in 
the anaemic state It has not been possible here to establish the importance 
of any of these factors, on the contrary the similarity of the findmgs m the 
enlarged and normal groups was close The duration of anaemia is always 
difficult to determme, but it may be important, for the largest heart was 
found in a woman of 66 years with a history of 20 years’ babihty to bleeding 
from haemorrhagic telangiectasis In contrast, the smallest heart observed 
was m a woman of 32 years with an even more severe refractor^" anaemia of 
nmc years’ duration, so that no defimte conclusion is possible 

Regression in cardiac size was always accompanied by an improvement in 
the blood, but there was considerable variation m the haemoglobm level at 
which this took place, although a more constant figure might have been 
established if it had been possible to take more frequent films It is never- 
theless clear that regression usually occurred soon, often within two or three 
weeks of the beginmng of treatment, and at a haemoglobin level substantially 
below normal Furthermore, it was usually maximal m the first instance 
and only twice v as any further change seen subsequently, even though the 
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improvement in the blood continued nnd tlic patients were ro examm^ 
after mtervnlR of nine to 15 months The contrast between enlargement 
nnd murmurs m this respect has already been mentioned, and the details 
arc jircscntcd in Table III 

Jlcort JoiluTC, Dyspnoea and oedema, cardiac enlargement, munanrs, 
and occasionally tnplo licart rliythm, suggest the presence of heart failure! 
but this explanation is not entirely satisfactory Dyspnoea was often found 
without cardiac signs, %\lulc the absence of orthopnoea, and of clinical and 
radiological signs of pulmonary congestion show that it was not caused by 
Jicart failure Oedema without other aigns could not be of cardiac origin, 
and together with d3spnoca must be the result of other manifestations of 
annemin, probnbl} upon the pcnpberal cnpillancsnnd the respiratoiy centre 
On the other hand cardiac onlargomcnt, and a third heart sound, sometimes 
uiih T unAo inversion of the lead CRj of the electrocardiogram, indicate 
preponderance of the right heart, nnd when accompanied b 3 '' venous dis- 
tension, hepatic ongorgement, and oedema, suggest right heart failure These 
signs wore present in five cases, nnd in another there was venous distension 
nnd a third heart sound, but no cardiac or bcpatic enlargement Gross venous 
diston*5ion vns observed in only two cases, but the cardiac signs in anaemia 
appear to represent VQr\ing degrees of preponderance and failure of the 
right lienrt 


Disctission 

Cardiac 63mptoms and signs aro common m anaemia, but they are m 
some dogreo independent of one another, and are not directly related to the 
sevent}" of the anaemia Their frequency and resemblance to the stigmata 
of organic heart disease are not fully appreciated, for several of my cases 
were first seen in a Cardiac Department Diagnosis can be difficult Cardiac 
pain, sometimes accompanied by electrocardiographic changes which may be 
permanent, is not always casil}’' distinguished from angina pectons, while 
haomic murmurs, especially if dmstohe or vor 3 ’' loud, can be mistaken for 
signs of valvular disease Cardiac enlargement may bo considerable and 
permanent TJio liability of anaemia to mimic cardiac failure should now be 
well knovTi, but its role in the production of actual failure should not 
be overlooked Pinall}’’ it must be emphasized that it is on the recognition 
of anaemia and tlie results of treatment that a correct diagnosis depends 

TIio theories advanced to explain the changes described have been pre- 
viously discussed, but further points emerge from my observations The 
independence of the symptoms and signs of one another suggests that they 
arc produced in different ways Murmurs, if our present methods are valid, 
do not depend entirely upon enlargement, and experimental work (Lewis 
and Drury, 1923} justifies the belief that they are laigely caused by a lowered 
blood viscosity Jlyocardial anoxaemia may explam the fatty changes found 
'post 711 or/cm, but my observations support the view that dilatation and 
h 3 T>crtrophy which have also been reported cannot be explained in this way 



THE HEAET IN ANAEMIA 


121 


Regression in cardiac size after treatment tended to occur rapidly and to be 
maximal at once, even tbougb. tbe haemoglobm was still well below normal 
This does not suggest a steady improvement m the nutrition of an anoxaemic 
muscle, and favours the explanation that enlargement is caused by a dynamic 
disorder of the circulation (Bouchut and Froment, 1934 , Bouchut, Froment, 
and Bonnet, 1934 , Fahr and Ronzone, 1922 , Porter, 1937) Gross changes m 
the circulation have indeed been desonbed, and their function is undoubtedly 
to compensate for the dimmished oxygen carrymg power ^ of the blood 
Several processes are involved including increased utilization of oxygen by 
the tissues (Liljestrand and Stenstrom, 1925, Nielsen, 1934, Richards and 
Strauss, 1928), hut by far the most important is a greatly increased cardiac 
output Sharpey-Schafer (1944) heheves that this* is mamly achieved by 
a raised venous pressure, and the observations recorded here support his 
view The right heart would he overloaded and on the verge of failure and 
would be expected to show m varymg degree the charactenstio signs of venous 
distension, hepatic engorgement, triple rhythm, and electrocardiographic 
changes Enlargement would be probable and might regress rapidly when 
improvement m the anaemia permitted the circulation to recover In such 
circumstances cardiac pam depending on a disorder of the coronary circula- 
tion would he likely, and the well-known danger of blood transfusion m 
further overloadmg the circulation and cauamg acute heart failure would be 
understandable The chmcal picture resembles that seen in acute pulmonary 
embolism, and m some acute mfections with circulatory failure, and the 
observations made suggest the possibihties of a new approach to the problem 
of failure in an apparently normal heart The cause of the raised venous 
pressure is uncertain Myocardial anoxaemia may play a part m the occa- 
sional production of permanent cardiac enlargement, where the hypertrophy 
which has been reported may he caused by the attempts of an abnormal 
myocardium to maintam a high cardiac output (Bouchut and Froment, 
1939 , Bouchut, Froment, and Bonnet, 1934) It may also be responsible for 
the more persistent electrocardiographic changes 


Stimviary 

1 Cardiac symptoms and signs, including cardiac pam, haemic murmurs, 
and enlargement, with occasional changes m the electrocardiogram, occur m 
anaemia, and usually disappear after treatment, but they sometimes persist 
They are often difficult to distinguish from the signs of orgamo heart disease 

2 Enlargement of the heart in anaemia, accompanied as it sometimes is 
by a raised venous pressure, addition of the third heart sound, and inversion 
of the T wave in the right pectoral electrocardiogram, is an expression of 
right heart preponderance, which may progress to frank heart failure with 
hepatic engorgement and oedema Dyspnoea and oedema can also bo present 
as direct effects of the low haemoglobm content of the blood and not the 
outcome of heart faduro 
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3 The responsible mechanism may differ for the various signs and symp^ 
toms The probable factors arc reviewed 

I have to acknowledge the courtesy of the members of the Honorary Staff 
of the London Hospital in aliening mo to study patients under their care 
I \\ish to tlinnk Dr A A Cunningham and Dr. D Gutmann, of the Lister 
Emergency Hospital, Hitchin, for kindly allowing me to make use of their 
observations m one ease 

It IS a pleasure to acknou ledge the constructive criticism and encourage- 
ment uliich I have reccned from Hr John Parkinson and the help which 
Hr William Evans has given me 

Jlr W Hicks lias taken great care with the radiological work, and Mr John 
King with the photographic reproductions \ 
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Fig 2 A woman aged 44 years Hypochromic anaemia Phono cardiogram to show 
third heart sound with T wave inversion in CRi of the electrocardiogram 
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1 wn\c in lead IT and in\er8ion m CR. 

in leads III ami CR| 
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Fio 4 A woman, 48 years Hypochromio anaemia Reduction m heart sire after treatment 
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COMPLETE CONGENITAL AGENESIS OF A LUNG' 

By JOSEPH SMART 
With Plates 10 and 11 

CoNGENiTAit absence of an entire lung is a rare condition and has seldom 
been diagnosed in life* Two such cases are recorded in the present paper, in 
one of which there was also a congenitally small trachea According to the 
hterature the view generally expressed is that the smgle lung is emphy- 
Bematous Investigations earned out m these two oases do not support this 
behef, but rather suggest that true hypertrophy has occurred* 


(7(wc Reporia 

Caae 1 An unmarried woman, aged 30 years, was admitted to hospital 
on September 9, 1942 with dysmenorrhoea She had suffered from asthma 
since childhood Attacks of spasm might come on at any time, and were 
frequently caused by exertion There was no allergic factor or any history 
of upper respiratory tract infection On admission to hospital for dilatation 
and curettage of the uterus she developed an attack of asthma, and the 
question of her fitness for an anaesthetic was raised On exammation she 
was a small, thin woman with a normal temperature and pulse-rate, and 
physical exammation was completely negative apart from the chest This 
was Bymmetrioally shaped and the movements were equal On palpation 
the trachea was found to be grossly deviated to the right side and the cardiac 
unpulse could not he defined The vocal vibrations were equal on both sides 
antenorly The percussion note was resonant all over the front of the chest, 
and no area of cardiac dullness could be found The breath sounds were 
vesicular with prolonged expiration on both sides, and rhonohi and sibilh 
were heard all over the chest The cardiac impulse was found posteriorly 
just medial to the angle of the right scapula Vocal vibrations were absent 
over this area, but otherwise the sounds were normal The percussion note 
Was resonant all over the left side and also over the right side, apart from 
a triangular area at the right base close to the spme, where the heart-beat 
could be felt On auscultation the physical signs on the back were similar 
fo those on the front of the chest The heart-sounds could best be heard 
over the apex beat, and the dull area immediately medial to it, and they 
appeared quite normal m character There was no clubbmg of the fingers 

A postero-antenor X-ray (Plate 10, Fig 4) of the chest showed that the 
heart was situated on the right side, the trachea was deviated to the right, 
and there were some small opacities at the right apex situated around the 
displaced trachea, which suggested an old hpiodol mjection The lung tissue 
was visible on both sides and appeared normaL The ninth nb on the nght 

^ Received August 29, 1946 
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Q wave and an E. wlncli is slurred m its descent , T is inverted Ijead 11 is 
Bimdar, but P is isoelectnc, R is larger, and T is small but upngbt Lead HE 
is normal witb upngbt P, normal R, no Q or S wave, and an upngbt T of 
moderate size ’ 

A kymograph X-ray was taken which confirmed the earlier cardiological 
findmgs and showed that the shadow in the right side of the chest was the 
heart, but did not give any further information 

The question arose as to whether the left limg was emphysematous, or 



Fiq 1 Case 1 Bronohospirometnc tracing 
0 - Complementary air R « Residual air 
VC ~ Vital capacity 


whether it was hypertrophied Christie and McIntosh (1934) have shown 
that this can be demonstrated by bronohospirometnc tracings and by 
measurement of the intrapleural pressures A bronohospirometnc tracing 
Was therefore recorded (Pig 1) and Professor Ohnstie reported that it 
showed no evidence of emphysema The vital capacity was 1,360 o c A 
needle was mserted into the left side of the chest and the intrapleural pressure 
taken , the pressure was found to be —12 to -5 cm of water on normal m- 
spirationand— 16to— 5 cm on deep inspiration Two days later the patient 
developed a severe asthmatic attack The acute stage was relieved by 
adrenalin, but she continued to cough dnnng the next two days and 
suddenly became extremely dyspnoeio She was immediately admitted to 
hospital, and as there were signs of a pneumothorax, an X-ray was taken 
(Plate 1 1 , Fig 8) This showed that the air extended to the right side of the 
chest, the lung edge being clearly visible on both sides, thus confirmmg the 
lagnosis A needle was inserted into the pleural space and air withdrawn 
on two occasions, after which she made an uneventful recovery, and the 
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side showed a cystic swelling at its anterior end about U in from the costo^ 
chondral junction, the aetiology of which was obscure "it may have been 
a congenital deformity In view of the gross abnormahty disclosed by this 
examination, it was considered that further investigations should be carried 
out before the question of fitness for anaesthesia could be decided In order 
to attempt to define the shape of the heart more accurately, X-ravs were 
taken with greater penetration, and also a right lateral view (Plate 10, Pig 5) 
The first of these did not help at all with the diagnosis , the second showed 
the heart shadow to be situated posteriorly, and there was no cardiac 
slmdow in the normal position With the patient lying on her right side, 
lipiodol was then injected b}^ the cricothyroid route The postero-antenor 
X-ray (Plato 10, Pig 6) showed the bronchi of the loft lung well filled, these 
were very slightly dilated and bronchi were also seen on the nght side of 
the chest The lateral film (Plate 10, Pig 7) was most remarkable, for it 
showed the left upper lobe bronchus coming off anteriorly, then dividing 
into its three main branches supplying both the right and left sides of the 
clicst On X-ray screen examination the left dome of the diaphragm could 
be seen situated rather low down and moving quite well , the nght dome of 
the diaphragm was difficult to locate, but on screening in the nght obhque 
position the anterior part could bo seen at the same level as the left, but it 
did not appear to be moving These findings suggested that the nght lung 
was absent, but it was possible that there was a lung-bud representing the 
absent lung, and, in order to ascertain whether there was an openmg mto 
the trachea, bronchoscopy was earned out under local anaesthesia The 
vocal cords were seen to be moving well and appeared normal , the trachea 
was normal in its upper part, but there was no evidence of any slit or open- 
ing to suggest a right bronchus Some difficulty was experienced in passing 
the bronchoscope owing to the deviation of the trachea, but this was over- 
come, and the loft upper lobe bronchus was then visible, coming off antenorlj, 
as was expected from the appearance of the Jipiodol X-ray Care was taken 
to exclude the possibility of a rudimentary bronchus at the level of the 
bifurcation of the trachea In a normal adult woman the bronchoscope has ^ 
to be passed approximately 8 in in order to reach the bifurcation of the 
trachea No bronchus was seen at this level, and the first bronchus discovered 
was the loft upper lobe bronchus coming off anteriorly These findings proved 
the diagnosis beyond doubt 

Owing to the gross displacement of the heart it was considered necessary 
to have the opinion of a cardiologist Dr John Parkinson saw her and 
reported as follows 

‘ On examination the pulse is 70 and regular The cardiac impulse is felt 
medial to the lower angle of the nght scapula and at the adjommg vertebral 
border It is not unduly forcible and there is no thnU The first and second 
sounds are normal, and there are no murmurs The blood pressure is 110/75 
There are no signs of cardiac failure The electrocardiogram shows a regular 
rhythm at a rate of 90 In Lead I, P is slightly inverted, followed by a large 
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Q wave and an R whicli is slurred m its descent , T is inverted Lead II is 
similar, Lut P is isoelectric, R is larger, and T is small but upngbt Lead HI 
18 normal witli upnglit P, normal R, no Q or S wave, and an upright T of 
moderate size ’ 

A kymograph X-ray was taken which confirmed the earlier cardiological 
findings and showed that the shadow m the right side of the chest was the 
heart, but did not give any further information 

The question arose as to whether the left lung was emphysematous, or 



Fio 1 Case 1 Bronohospirometno tracing 
C * Complementary air R « Reaidnal air 
VC « Vital capacity 


whether it was hypertrophied Christie and McIntosh (1934) have shown 
that this can be demonstrated hy bronchospjrometno tracings and by 
measurement of the intrapleural pressures A bronchospirometric tracing 
was therefore recorded (Fig 1) and Professor Chnstie reported that it 
showed no evidence of emphysema The vital capacity was 1,350 cc A 
needle was inserted mto the left side of the chest and the intrapleural pressure 
taken , the pressure was found to be — 12 to — 5 cm of water on normal in- 
spiration and — 1 6 to ~ 6 cm on deep inspiration Two days later the patient 
developed a severe asthmatic attack The acute stage was relieved by 
adrenahn, hut she continued to cough during the next two days and 
suddenly became extremely dyspnoeio She was immediately admitted to 
hospital, and as there were signs of a pneumothorax, an X-ray was taken 
(Plate IZ, Fig 8) This showed that the air extended to the right side of the 
chest, the lung edge being clearly visible on both sides, thus confirming the 
diagnosis A needle was inserted mto the pleural space and air withdrawn 
on two occasions, after which she made an uneventful recovery, and the 




128 QUARTERLY JOURNAL OF MEDICINE 

lung lifid completely re-expanded, within five days of her admission to 
hospital It IS possible that the lung was pneked while the pressures were 
being taken and sealed itself, but that the strain of the asthmatic attack 
and constant coughing had ruptured the previously weakened lung 

Ca^c 2 A married woman, aged 29 years, was seen at hospital on August 
IG, 1943, and gave a history of asthma The attacks were nob typical, but 
she complained of sliortness of breath, specially on exertion, for as long as 
she could remember, and this symptom had been aggravated as a result of 
work in a factory She also complained of pam in the praecordial area for 
the previous six months It was not severe in character, but was more 
marked on exertion , nt times it wont down the loft arm, and its relation to 
exorcise was somewhat vague, since she had learned by experience to restrict 
her activities because of her dyspnoea There was no allergic factor, no 
evidence of upper respiratory tract infection, and no abdominal disease to_ 
cause roilox spasm In her past history she had had measles, whooping 
cough, and scarlet fever as a child There was nothing relevant m the family 
history On examination she was a hcalthy-looking, well-built woman, with 
stndor TJio chest was symmetrical and moved equally On palpation the 
trachea was found to bo grossly displaced to the left, and the cardiac impulse 
to be in the mid-axillary lino on the loft side Vocal vibrations were present 
on the right side and at the left apex antenorly The percussion note was 
resonant on the right side and impaired at the left apex The area of cardiac 
dullness was displaced to the left The breath sounds were vesicular on the 
right side and on the left side at the apex, and there wore no added sounds 
Posteriorly the chest moved equally , the percussion note was resonant on 
the right side, impaired at the left apex, and dull at the left base The vocal 
vibrations were present on the right side, impaired at the left apex, and 
absent at the left base The breath sounds were present on the nght side, 
vesicular in oharaotor with prolonged expiration, and no added sounds were 
heard On the left side the breath sounds were weaker, but present at the 
apex and absent at the base There was no clubbing of the fingers No 
other abnormality was discovered 

A postero-antonor X-ray of the chest (Plate 11, Fig 9) confirmed that the 
heart and trachea were grossly displaced to the left The nb spacing was 
sbghtly less on the left than the nght, the left dome of the diaphragm 
was obscured, and the right dome appeared normal The lung markings on 
the right side were normal, and on the left some markings could be seen at 
the apex A left lateral X-ray (Plate 11, Fig 10) showed the heart to be 
situated anteriorly, but no gross abnormality was detected With the patient 
lyjng on her left side, lipiodol was injected by the cnoothyroid route A 
posfccro-antenor X-ray (Plate 11, Fig 11) showed that the trachea was much 
diminished in size and displaced to the left, there was no bifurcation of the 
trachea into the nght and left mam bronchi at the normal level, and 
the right upper lobe bronchus could be seen supplying the lung tissue on the 
left and right sides The lateral X-ray showed the bronchi m the lung 
tissue, but it did not help materially m defining the exact distribution 
Later bronchoscopy was performed under local anaesthesia m order to 
ascertain whether there was any opening representing the left mam bronchus, 
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and m view of the size of the trachea an infant’s bronchoscope was used. 
The cords were seen to be moving well and appeared normal, and the npper 
part of the trachea appeared normal apart from its small size Unfortunately 
it was impossible to pass even this bronchoscope more than two or three ^ 
mches because of the size of the trachea, and it could not be passed a sufficient 
distance to ascertam whether there was any rudimentary opemng present 
Eurther X-rays were taken with banum, and the postero-antenor view 
showed gross displacement of the oesophagus to the left , this was confirmed 
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m the left oblique view At the same tune the opening into the stomach 
was centrally situated and the gas bubble m it defined the level of the left 
dome of the diaphragm as a httle above that of the right On screening, the 
left dome was seen to be moving very slightly 

This case also was seen by Dr Parkinson, who reported as follows 
‘On examination the patient is well-nounshed and sbghtly breathless 
No defimte apex beat is felt, but there is pulsation about the left anterior 
axillary bne The heart sounds are normal and there are no murmurs The 
blood pressure is 110/76 The electrocardiogram shows a normal rhythm 
with large S m Lead I, a bifid P and diphasic T m Lead 11, and diphasic P, 
large Q and inverted T in Lead III The pain is situated above the left 
breast and sometimes extends into the left arm It appears while she is 
walking and never at rest If present, and she does rest, it goes off in a few 
minutes This is what I would call cardiac pain, bnt not angina pectons ’ 

In order to correlate the findmgs in Case 2 with those in Case 1, the intra- 
pleural pressure on the right side was taken and was normal, being — 12 to — 6 
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cm of water There wore no untoward effects The bronchospirometno 
tracing was also taken (Pig 2) and Professor Christie expressed the opinion 
that It showed no ovidenco of emphysema The vital capacity was 1,150 c o 
For comparison a tracing from an emphysematous patient is shown in Pig 3 
Case 2 patient was without doubt a case of agenesis of the left lung, 
together with a congenitally small trachea The asthma was due to stndor 
and not spasm of the bronchi The cardiac pain is difficult to explam, but 
it may have been due to anoxaemia associated with the smalbess of the 

iVC 
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Fio 3 Bronchospirometrjc tracing of omphysematous 
patient, for companson Tvith Figs 1 and 2 
C « Complomontary air K — Residual air 
VC « Vital capacity 

trachea Angiocardiography was contemplated m these two cases m order 
to domonstrato the presence or absence of the pulmonary artenes, but 
facihties wore not available in jthis country 

Diagnosis 

The diagnosis of this unusual condition is not diflBcult provided its possibihty 
IS borne in mind There arc three cardinal clinical features, a symmetrical 
chest with equal or approximately equal movements, gross displacement of 
the trachea to one side, and displacement and rotation of the contents of the 
mediastinum The breath sounds are usually audible over the whole chest 
Further investigations which will prove the diagnosis are X-rays of the chest, 
hpiodol X-rays of the bronchi, and bronchoscopy Seventeen cases m which 
agenesis of one lung has been diagnosed in life are recorded in the literature, 
the diagnosis having been confirmed by autopsj’' on five occasions The post- 
mortem findings m three oases (Paul, 1928, Ratjen, 1867, Sohuohardt, 
1886) suggest congemtal atelectasis with bronchiectasis, but m each case the 
chest was sjonmetncal and had equal movements Neisser (1901) reported 
similar cases and suggested congemtal atelectasis with bronchiectasis, but 
this was not confirmed post mortem Inaccurate diagnoses were probably 
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due to tlie ranty of the condition, and to the fact that most of the cases 
occurred before hpiodol was in use or the bronchoscope available It appears 
that only 10 of the previously reported oases were examined by bronchoscopy 
Errors of diagnosis usually occur through lack of observation of one of the 
clinical features, for example, symmetrical movements of the lung Fibrosis 
of the lung or massive collapse of the lung appear to have been the most 
common alternative diagnoses In fibrosis of a lung after infection there is 
invariably lack of movement of the afEected side^ together with displacement 
of the trachea and mediastmum, but without rotation of the mediastmum, 
while in massive collapse there is lock of movement and displacement without 
rotation, usually associated with a considerable degree of respiratory em^ 
barrassment, and absent breath sounds on the affected side With the 
improved technique of lipiodol mjeotion into the bronchi and bronchoscopy, 
the diagnosis can be proved Both these investigations can be carried out 
without nsk to the patient 

Analysis of Reported Cases 

There are 104 oases of congemtal aplasia of the lungs published m the 
hterature, and two further cases are reported m the present paper Seventy- 
five cases appear to have been correctly diagnosed and 29 incorrectly diagnosed 
The physical signs reported m 21 of the cases suggest gross fibrosis or con- 
gemtal atelectasis of the lung rather than an absent lung, because there was 
marked deformity and loss of movement on the affected side The names of 
the authors are given in the References, Section A In three oases (Paul, 
1928 , Rohmer and Borchert, 1897 , Sohuchardt, 1886) post-mortem examma- 
tions were performed and the findings confirmed congemtal atelectasis of 
one lung A further eight of the recorded cases suggest an alternative 
diagnosis Tackius (1702) reported a case which appears to have been one 
of advanced pulmonary tuberculosis, in which one lung was completely 
destroyed and there Was evidence of this disease in the other lung Paul 
(1928) reported a case of congemtal absence of both lungs, and a case in 
which an abnormal branch of the aorta leadmg to the left lung is described, 
but no reference is made to the lung, so that this cannot be considered as 
a case of complete congemtal absence of a lung Allen and Affelbach (1926) 
and Schmit (1893) both reported a case of complete congenital absence of 
both lungs Pruys, Veen, and Zuidema (1939) described a patient m an 
article entitled ‘ Agenesis of the Ltmg ’ who appears to have had a cystic 
lung Bell (1893) reported two cases of agenesis of the lung, the diagnosis of 
one apparently being correct, but the second case was probably due to 
a traumatic lesion, followed by suppuration and destruction of the lung 
Finally , Gartaide (1943) described a case m which the physical signs and 
bronohogram suggest bronchial stenosis Further reference to congenital 
absence of a lung is made by 12 other writers They do not describe actual 
cases, but only review the hterature These authors are listed in the Refer- 
ences, Section B 



132 


QUARTERLY JOURNAL OP MEDICINE 

It fippcftrs, tbcroforOj tliat 75 cases of true congenital absence of one lung 
have previously been described. The names of the authors are given in the 
References, Section C In two of the cases reported (Lukin, 1886, Riviere, 
cited by Furst, 1878) the onginal papers were not available In only 17 of 
the cases was tho diagnosis made during life, and in five it was confirmed 
by autopsy In 44 of tlio 75 cases the loft lung was absent, and m 28 the 
right , in three cases there was no mention as to which side was missing 
Complete absence of a lung occurred in 33 cases, 18 times on the left side 
and 15 on the right A rudimentary lung or bronchus was present in 
35 oases, 23 times on the loft side and 12 on the right, m the remaining 
seven coses no accurate record was made as to tho presence or absence of 
a rudimentary lung 

Tho condition lias been reported 27 times in male subjects, 14 on 
tho left side and 13 on tho right, and 35 times in female subjects, 23 times 
on the left side and 12 on the right In the remaining 13 cases the sex was 
not mentioned 

Affc dtsfrtdufton Thirty-five of tho recorded oases have been under the 
ago of 1 year Twenty-three have been desenbed in patients between the 
ago of 1 and 30 years and eight cases in patients between 31 and 72 years 
In nine cases the age was not mentioned Tho youngest recorded case was 
a miscarriage at seven months, which lived for two hours, the oldest 
was a woman of 72 years, who died of a cerebral haemorrhage It seems 
that, provided a person wuth this condition survives the first year of life, 
death does not necessarily occur because of the pulmonary abnormahty 
Tins view is confirmed by tho analysis of the 31 cases over the age of 1 year 
Of these, five died of pneumonia, 10 died from non-pulmonary conditions, 
and nine of tho patients wore alive when described In seven cases the cause 
of death was not reported 

Frequency of occurrence Tho condition is very rare, and it is difiScult to 
estimate the frequency of its occurrence Elhs (1917) reported two cases in 
30,000 autopsies, but clearly this figure is of no statistical value 

The Evohdwnary Devdopment of Hit Lungs 

The exact way in which the lungs develop is obscure, but there are three 
mam theories, the reduction theory (Aby, 1878, D’Hardiviller, 1896, 1897, 
Bremer, 1904), tho extension and migration theories (Willach, 1888 , Young 
and Robinson, 1880 , Ewart, 1889 , Zumstem, 1S89 , Warath, 1892 , Hunting- 
ton, 1898 , Bhsnianskuja, 1904), and the selection theory (Huntmgton, 1920) 

Tho reduction theory works from the assumption that m the evolutionary 
histor}^ of the mammalian lung the organ possessed a bilaterally symmetrical 
ground plan Aby (1878) discussed at length the presence of the epartenal 
bronchus on the right side and suggested that the lack of symmetiy is due 
to the suppression of the epartenal component on the left side This theory 
assumes a bilateral ground plan and therefore does not cover the earliest 
stages of the development of the lung 
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The extension theory also assumes a bilaterally symmetrical bronchial tree, 
with the same number of bronchi on each side, and suggests that progressive 
unfolding of the respiratory area is possible, specially in the cephalic sectors, 
and that this is in response to morease m the functional demand The right 
epartenal bronchus rises m response to this demand As in the previous 
theory, the presence of a bilaterally symmetncal bronchial tree is assumed, 
and BO this theory does not help m deciding the aetiology of agenesis of 
a lung The migration theory also assumes a bilaterally symmetrical bronchial 
tree with a fixed number of bronchial derivatives The roots of these 
branches under the stimulus of progressive evolution are capable of migratmg 
from their origmal site 

The selection theory was advanced by Huntington (1920) In the initial 
stage of development of the lungs of pulmonate vertebrates the primitive 
lung IS derived from the ventral wall of the foregut, lined with epithehum 
continuous with that of the intestmal canal (endoderm) This is surrounded 
by the splanchnopleuric mesoderm of the pulmonary blastema The primitive 
lung IB formed from two components, conduotory (endodermal) and respira- 
tory (mesodermal) The circumference of the extending endodermal lung 
sac develops pomts of mcreased epithelial proliferation. These areas of 
heightened mitotic activity protrude as hollow epithebal buds whose lumina 
commumcate with the central cavity of the lung sac As the surface area of 
the lung sac mcreases, the previous uniform budding of the pulmonary 
vesicles is replaced hy a smaller number of localized areas of more mtensive 
prohferation which develop into sac-hke protrusions Each of these protrusions 
repeats m detail the structure of the primitive lung sac, and the walls of the 
adjacent chambers come mto contact with the mesodermal vacuoles and 
fuse Thus, accordmg to Huntmgton (1920) the lungs develop simultaneously 
from the primitive gut centrally and from a number of pomts representmg 
the mtrapulmonary system peripherally The meeting points of the con- 
ducting and respiratory components of the adult lung be withm the mter- 
mediate area of the respiratory bronchus, effecting a gradual transition 
between the conducting tube and the alveolus 

These theories deal with the evolutionary development of the mammaban 
lung, which is an obscure subject, as is the exact development of the human 
lung None of the theories explains the congenital absence of one lung, but 
the selection theory would account for the phenomenon If the conducting 
component (orgamzer) fails to bifurcate through some endogenous error it is 
conceivable that the portions of lung (mesodermal) arising from the respira- 
tory component on each side would join to form one single lung This would 
account for the fact that the lung is hypertrophied and not emphysematous, 
Since morphologically it may represent both lungs This suggestion is purely 
hypothetical, and evidence that hypertrophy occurs m one lung when the 
other IS absent is no proof of this view 
Various other theories have been put forward to account for the absence 
of one lung Eppinger (1896) suggested that enlargement and displacement 
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of the thymus may bo the cause Klebs (1874) has suggested that the 
o'^cessive tension of the amnion ■when the embryo rotates may prevent 
development of one lung Schwabo (cited by Schneider, 1912) suggested an 
endogenous error m development duo to some alteration m the germ plasm 
Tichomiroff (1895) suggested that early intrathoracic disturbances of pressure 
or infection might bo the cause 

Sobnoidcr (1912) has distinguished three grades of hypoplasia of the lung 
Bronchopulmonary agenesis, in which there is no evidence at all of the 
absent lung 

Aplasia of the lung with a bronchial rudiment, in which there is a minute 
bronchus or the remains of a bronchus the end of which is surrounded by 
a small amount of pulmonary tissue about the size of a cherry and com- 
pletely airless 

Hypoplasia gravissima, in which there is poor development of the mam 
bronchus winch fuses into a small mass of pulmonary tissue , the bronchi are 
frequently dilated in this mass of tissue and the alveoli are usually atelectatic 
Castellanos and Pereiras (1042) have classified hypoplasia of the lung into 
five groups based on the assumption that the lungs develop from a pulmonary 
portion and a bronchial portion 

Bronchopulmonary aplasia, which corresponds to Schneider’s aplasia of 
the lung 

Bronchial h}^oplasia with pulmonary aplasia, that is, there is a small 
rudimentary bronchus but no pulmonary tissue 

Bronchopulmonary hypoplasia, that is, a small bronchus jomed to a mmute 
amount of pulmonary tissue This group and the one which precedes it 
appear to correspond wnth Schneider’s second group 

Bronchial hypoplasia with pulmonary aplasia, in which there are small 
semidilated bronchi without pulmonary tissue 

Congenital bronchocctasia with alveolar aplasia in which there are dilated 
bronchi in a very small lung, with some fibres around them, but no evidence 
of alveoli tissue in the lung This group and the one winch precedes it 
appear to correspond with Schneider’s third group 

The views of Castellanos and Pereiras (1942) are compbeated and there 
does not appear to be suflBoiont histological evidence in the bterature to 
support them It appears that Schneider’s (1912) classifications of broncho- 
pulmonary aplasia, and aplasia of the lung with a bronchial rudiment, are 
correct and can be substantiated histologically, but from the histological 
sections it IS more probable that the cases desenbed as hypoplasia gravissima 
are actually cases of congemtal atelectasis of one lung This view is supported 
by the post-mortem findings m the cases described by Paul (1928, Case 2), 
Rohmer and Borchert (1897), and WoUmann (1891) 

Tlie Siruoiure of the Existing lamg 

Attention has been concentrated upon the missing structure rather than 
upon tlie existing Inng In 67 post-mortem exammations the histology of the 
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existing lung is recorded in only seven cases No histological evidence is 
given in the others, hut many vfTiters mention that it is large, of whom 
Berliner (1909), Gross (1906), Jarisch (1919), Knott (1934), Rat]en (1867), 
and Tom (1934) desonbe the existing lung as emphysematous macroscopicaUy 
Von Graff (1905) described the macrosoopioal appearances of a foetus in 
which the right lung was absent and the left considerably enlarged He 
drew attention to the fact that this enlargement cannot be due to functional 
hypertrophy, because the lungs are not used in utero In the post-mortem 
cases m which the histology of the existing lung is mentioned, Dyson (1934) 
reported areas of emphysema and infection Firmer (1932) reported that 
microscopically the enlarged limg was normal Gross (1906) stated that there 
was evidence of emphysema, but that the existmg lung was grossly abnormal, 
having no lobar subdivisions KiUingsworth and Hibbs (1939) reported that 
the existmg lung showed emphysema m the upper lobe with occasional 
areas of focal atelectasis The lower lobe showed foetal atelectasis The 
emphysematous changes were probably associated with the congemtal 
atelectasis of the lower lobe Oberwarth (1904) stated that hepatization 
was present, but that the lung otherwise appeared normal , the infant died 
from pneumoma Welsch (1928) recorded that there was microscopical 
evidence of hypertrophy Rienhoff (1936) recorded a cose in which the 
microscopical appearances of the enlarged lung were found to be normal 
The mvestigations m my two cases favour the view that hypertrophy has 
occurred In each case the one lung present filled the whole of the thoracic 
cage, and it is clear that its volume was considerably larger than that of 
a normal lung The enlarged lung must be either emphysematous or hyper- 
trophied m order to fill up the chest space Histological evidence is the only 
certam method of showing that hypertrophy has occurred, but Christie and 
McIntosh (1934) have shown that the presence of emphysema can be 
demonstrated by the loss of elasticity that occurs in an emphysematous 
lung He has shown that the mtrapleural pressure m emphysema is markedly 
reduced, and that this loss of elasticity can also be demonstrated by taking 
vital capacity tracmgs on a recording spirometer The normal subject, after 
takmg a deep breath, will expire all the air and return at once to his 
previous respiratory volume, whereas in a cose of emphysema the lung is 
already over-stretched and fails to expel all the air mspired, so that the 
tracmg does not return to its previous level for several respiratory cycles 
The mtrapleural pressure in each of the cases reported was normal, and the 
bronchospirometrio tracmgs show that all the air was expired and the tracing 
returned to its previous level without delay These findings show that in 
neither of my cases was there any evidence of emphysema In view of the 
size of the lung it is assumed, therefore, that hypertrophy must have 
occurred 

Other Congenital Abnonnahties 

A further abnormality which occurs m association with aplasia of the 
lung 18 the absence of pulmonary vessels on the affected side , this abnormabty 
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is invariably found m true aplasia of the lung Castellanos and Pereiras 
(1942) have demonstrated tins dunng hfo by angiocardiography Other 
congenital abnormalities may occur with the condition In the cose of Botar 
,and Orts (1932) there vns an cctopic left kidney, a unicomuate nght uterus, 
an abnormally shaped skull, and hyperplasia of the loft adrenal Chilaiditi 
(1910) and von Graff (1906) reported atresia of the anus In the case 
described by Gross (1906) there was underdevelopment of the left side of 
the face, and of the auncular appendages, together with a stricture of the 
anus, winch was anteriorly displaced In one of the cases described by Paul 
(1928) there was absence of the left radius and metacarpals and of the basal 
phalanx of the thumb The oesophagus ended bhndly ]ust below the level 
of the trachea 


Summary 

1 Two cases of agenesis of a lung diagnosed m life are desenbed, one of 
the right, the other of the left lung 

2 The diagnostic features are a symmetrical chest with equal movements, 
together with gross displacement and rotation of the mediastmum 

3 A review of the literature is given 

4 The theories of the development of the lung are discussed 

6. Records of intrapleural pressures of the existing lung, and bronoho- 
spiromotnc traemgs, suggest that in each case the lung was hypertrophied 
rather than emphysematous 

6 No cardiac abnormality beyond displacement was noted 

7 Other congenital abnormalities are common 

I wish to thank Professor R V. Christie and Dr John Parkinson for their^ 
help and interest in these cases 
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ANO]\IALIES OF rNTESTINAL ABSORPTION OF FAT^ 

1 THE DETERMINATION AND SIGNIFICANCE OF FAECAL FAT 

By W T COOKE, J J ELKES, A C FRAZER, J PARKES, 
ALP PEENEY, H G SAMMONS, aot) GARFIELD THOMAS 

(From the Queen Elizabeth Hospital, and Departments of Pathology, 
Pharmacology, and Medicme, Brnmngham University) 

Introduction 

Two mam theories have been put forward to explam the normal absorption 
of fat from the intestme The hpolytic hypothesis (Verz&r and McDougaU, 
1936) suggests that fat must be completely hydrolysed and that the resultant 
fatty acid passes mto the cells m combination with bile salts In the cell 
triglyceride is resynthesized after phosphorylation imder the control of the 
adrenal cortex The re-formed fat passes entirely by the thoracic duct mto 
the systemic circulation The partition hypothesis (Frazer, 1938) suggests 
that fat IS only partly hydrolysed The imhydrolysed portion is finely 
emulsified by a monoglycende/bile salt/fatty acid complex (Frazer, Schulman, 
and Stewart, 1944, Frazer and Sammons, 1946), and enters the mtestmal 
cell as a finely dispersed emulsion Some ojffthe fat is also absorbed as fatty 
acid The unhydrolysed fraction passes mainly by the thoracic duct to the 
systemic circulation and the fat depots, whereas most of the fatty acid 
passes direct to the hver ma the portal vem (Frazer, 1943 a, b) Phosphory- 
lation may play a part m the modification of the mterfacial film of the 
unhydrolysed fat globules (Elkes and Frazer, 1943) The effect of the 
adrenal cortex is possibly secondary to its influence on electrolyte meta- 
bohsm In view of the differmg explanations of the normal processes, it is 
not surpnsmg that the pathology of anomalous fat absorption remams 
obscure The object of iihe present mvestigation was the study of the various 
conditions m which fat absorption appears to be abnormal, m order to 
elucidate, if possible, the underlying pathological faults, and to correlate 
these observations with the normal mechanism of mtestmal absorption of 
fat The present paper is concerned only with the determmation and sigm- 
ficanoe of fat m the faeces with special reference to the development of 
the best methods of study, the determmation of the criteria for assessmg 
abnormahty, and the mterpretation of the analytical data 

Methods 

Diet A standard diet contaimng 50 gm of fat, 250 gm of carbohydrate, 
and 75 gm of protein was used The food eq^uivalents were calculated from 

^ Received November 8, 1946 
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Concentration m the presence of a little alcohol W£is sometimes necessary to 
complete drying, which took about 30 mm The dry residue was extracted 
three times with 6 to 10 c c of petroleum (40° to 60° C fraetion) and filtered 
into a weighed 60 c c bolt-head flask After removal of the solvent, the total 
fat and tnglycende/fatty acid fractions were weighed The weight of ex- 
tracted fat was usually of the order of 100 mg The fatty acid was deter- 
mined by titration m benzene with alcoholic caustic soda solution 

Selection of patients Three groups of patients (41 in all) were used as con- 
trols In the first group of 16 cases the only criterion for inclusion was the 
presence of diarrhoea , in three cases charcoal given as an indicator appeared 
in less than seven hours In none was there any other evidence, either 
climcal or metabolic, of steatorrhoea The diagnoses mcluded ulcerative, 
cohtis, amoebic dysentery, gastro-ententis, and chronic anxiety states The 
second group of 12 cases was under treatment for anaemia , six patients had 
pernicious anaemia, three cirrhosis of hver and macrocytic anaemia, two 
iron deficiency anaemia, and the remaining patient had a macrocytic hyper- 
chromio anaemia of unknown aetiology One patient with pernicious anaemia 
and diarrhoea showed only 90 per cent absorption, but two further balances 
over longer periods showed 94 and 97 per cent absorption The third group 
of 14 cases consisted of hospital patients chosen at random, usually those 
admitted for gastro-mtestmal mvestigations in which steatorrhoea was not 
suspected 

In 79 other patients an excess of faecal fat might have been expected or 
was demonstrated These may be grouped as follows 

Idiopathic steatorrhoea (29 cases) The diagnosis in these cases was based, 
after excludmg possible alternatives, on the presence of a characteristic 
haematological and abnormal electrolyte picture, flat glucose tolerance and 
chylomicrograph curves, low fastmg serum-hpoids, and a suggestive history 
If the fat balance test mtroduced an element of doubt, the test was repeated 
In Case 64 the history dating back to childhood and the clmioal and 
laboratory findmgs were sufficient to justify the diagnosis Duodenal intuba- 
tion was not earned out on any of these oases, so that the possibihty of 
fibrous pancreatitis was not ruled out 

Tropical sprue (21 cases) Five of these cases were seen in relapse, and 
had been under treatment for three to 10 years Eight had been diagnosed 
in India on account of anaemia, glossitis, and diarrhoea with high percentage 
of faecal fat, but when seen in this country had apparently made a complete 
recovery The remammg eight cases, similarly diagnosed m India, still had 
some fat mtolerance and mmor biochemical changes 

Pancreatitis (7 cases) The diagnosis in five cases was confirmed by autopsj^ 
or operation Two cases, one a diabetic with recurrent pale loose stools, 
and the other a patient with severe bronchiectasis and previous admission 
to hospital for coehac disease, have also been placed in this group 
Lacteal obstruction (2 cases) Case 105 had extensive ‘chyladenectasis’, 
first diagnosed at operation and later confirmed at autopsy Case 106 had 
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standard food tables (McCanoo and Widdowson, 1040) and checked from 
time to time by analysis of a 24-bour ration TIio error in fat content did 
not exceed four per cent The patient was placed on this diet for at least 
48 hours prior to the comraencemont of the test, to ensm^ that the patient 
was in balance Tlic use of a 50 gm fat intake as the standard, while weU 
tolerated by patients with steatorrhoea, has certain disadvantages Errors 
in either ingestion or collection and estimation of faecal residues cause 
a greater variation in the calculation of percentage absorption than when 
the diets contain more fat The production of a palatable fatJree diet is 
difficult, and it seems likely tliat many diets reported as such in the htera- 
turo may contain as much as 40 gm of fat per diem In a few cases we used 
diets con taming 20 gra of fat, but they were unsatisfactory as they were 
unappetizing and were not tolerated for long 

Colled tov of specimens Two methods were used in collecting speouaens 
In the first, tlireo capsules of carmine (0 9 gm ) were given on an empty 
stomach at 7 a m on the first day of tho test, and at the same hour two, 
three, or four dajs later charcoal (2 oz) m water was given Stools were 
examined as passed and saved as soon as the carmine appeared The first 
stool containing charcoal was discarded, and the collection thus completed 
Tho second method (Rekers, Pack, and Rhoads, 1943) entailed the adminis- 
tration of 500 c c of normal saline as an enema after the evening meal The 
result was discarded A second sahno enema was given two, three, or four 
da^s later at tho same hour The results of this, together with the stools 
passed after tlie first enema, completed the collection We have used both 
methods, but are now using tho second in the majority of our cases This 
proved tho more convenient, since markers are often difficult to detect and 
may interfere with tho subsequent examination of tho specimen in the 
laboratory Tho results in the two methods did not show any significant 
difference The period of collection was, with fluid or semifluid faeces, 
48 hours and, in tho case of patients with normal or constipated stools, 
72 or 90 hours 

3fd/iods of analysis Fivc-sixths of the determinations have been made 
by Cammidge’s (1913) modification of the Sohmidt-Wemer method The 
remainder have been earned out by a wet extraction method 


£Js/ 2 ?nci/ 2 on of faecal fat by wet exiraclion method The faeces were transferred 
to a glass jar with distilled water and mechamcaUy stirred until homogenized 
Water was added until a thick cream was produced , usually about 700 o o 
was required for a 48 hr specimen The total volume was measured Two 
20 0 c aliquot portions were taken and each jxiured through a funnel with 
a long outlet tube to the bottom of a continuous ether extraction apparatus 
The faecal matter was washed in with a minimal quantity of water, and 
20 c c of 96 per cent alcohol added to each portion To one, 2 c o of con- 
centrated hydrochloric acid was also added Extraction was continued until 
the sunernatant layer of ether was colourless even after adding a httle 
^per cent alcohol This usually took 1 to L} hr ^heu the 

ether and alcohol were removed under reduced pressure at 60 
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Concentration in the presence of a little alcohol was sometimes necessary to 
complete drying, which took about 30 mm The dry residue was extracted 
three times with 5 to 10 o c of petroleum (40° to 60° C fraction) and filtered 
into a weighed 60 c o bolt-head flask After removal of the solvent, the total 
fat and tnglycende/fatty acid fractions were weighed The weight of ex- 
i^acted fat was usually of the order of 100 mg The fatty acid was deter- 
mined by titration in benzene with alcoholic caustic soda solution 

Selection of patienis Three groups of patients (41 in all) were used as con- 
trols In the first group of 16 cases the only ontenon for inclusion was the 
presence of diarrhoea , m three cases charcoal given as an indicator appeared 
m less than seven hours In none was there any other evidence, either 
clinical or metabolic, of steatorrhoea The diagnoses included ulcerative* 
cohtia, amoebic dysentery, gastro-enteritis, and chronic anxiety states The 
second group of 12 cases was under treatment for anaemia, six patients had 
pernicious anaemia, three cirrhosis of liver and macrocytic anaemia, two 
iron deficiency anaemia, and the remainmg patient had a macrocytic hyper- 
ohromic anaemia of unknown aetiology One patient with pernicious anaemia 
and diarrhoea showed only 90 per cent absorption, but two further balances 
over longer penods showed 94 and 97 per cent absorption The third group 
of 14 oases consisted of hospital patients chosen at random, usually those 
admitted for gastro-mtestmal mvestigations m which steatorrhoea was not 
suspected 

In 79 other patients an excess of faecal fat might have been expected or 
was demonstrated These may be grouped as follows 

Idiopathic steatorrhoea (29 cases) The diagnosis in these cases was based, 
after excludmg possible alternatives, on the presence of a characteristic 
haematological and abnormal electrolyte picture, flat glucose tolerance and 
ohylomicrograph curves, low fastmg serum-bpoids, and a suggestive history 
If the fat balance test introduced an element of doubt, the test was repeated 
In Case 64 the history dating back to childhood and the chmcal and 
laboratory findings were sufficient to justify the diagnosis Duodenal intuba- 
tion was not earned out on any of these cases, so that the possibility of 
fibrous pancreatitis was not ruled out 

Tropical sprue (21 cases) Five of these cases were seen in relapse, and 
had been under treatment for three to 10 years Eight had been diagnosed 
in India on account of anaemia, glossitis, and diarrhoea with high percentage 
of faecal fat, but when seen m this country had apparently made a complete 
recovery The remammg eight coses, similarly diagnosed m India, still had 
some fat mtolerance and mmor biochemical changes 

Pancreatitis (7 cases)* The diagnosis in five cases was confirmed by autopsy 
or operation Two cases, one a diabetic with recurrent pale loose stools, 
and the other a patient with severe bronchiectasis and previous admission 
to hospital for coehac disease, have also been placed in this group 

Lacteal obstruction (2 cases) Case 105 had extensive ^ chyladenectasis’, 
first diagnosed at operation and later confirmed at autopsy Case 106 had 
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Control pationte B Conditions usually associated with eteatorrhoon 
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marked refciculo-endothehal proliferation and caseatmg tuberculous lesions 
m the mesenteno glands 

Surgical conditions (6 cases) All diagnoses wefe confirmed by operation, 
and mcluded gastrocohc fistulae, ileotransverse colostomies, and Crohn’s 
disease with ileal resection 

Malnutrition (6 cases) The occurrence of pale stools, fat intolerance, 
and similarity of the blood and radiological pictures to those found m 
steatorrhoea led to fat balance tests being carried out on six repatriated 
prisoners of war 

Miscellaneous group (8 cases) Four of these cases had duodenal ulceration 
in addition to longstanding steatorrhoea Though they had many symptoms 
and signs similar to those of idiopathic steatorrhoea, we have regarded them 
provisionally as cases of pancreatitis In the remaining four oases the 
excessive loss of fat appeared to be the primary factor in their illnesses, 
though the cause of the steatorrhoea still remains obscure 


BeauUs 

The results of 160 observations in these 120 patients are summarized m 
Table I More detailed findmgs of the patients with idiopathic steatorrhoea, 
tropical sprue, and pancreatitis are given m Tables m to V 

MalmUniion Of the three cases on a 60 gm fat diet, two showed minor 
defects of absorption (84 and 87 per cent ) The remaining three cases had 
all regained to 2 stone m weight at the tune of exammation, but still hod 
a tendency to diarrhoea The balance tests were carried out m an outside 
hospital on a constant low fat diet Calculation of this diet showed, however, 
a maximum intake of 80 gm of fat daily, and on this basis the results (91, 
91, and 93 per cent ) must be regarded as withm normal hmits In two other 
cases on a low fat diet the exact composition of which was not known, more 
than 18 gm of fat was excreted daily 

2Iacro8copical and microscopical appearances The description given by Gee 
(1888) m his paper 'On the coehac disease’ has been freq^uently q[uoted, but 
it IS so accurate for many cases that its repetition needs no apology 'The 
signs of the disease are yielded by the faeces , bemg loose, not formed, but 
not watery , more bulky than the food taken would seem to account for , 
pale in colour, as if devoid of bile , yeasty, frothy — an appearance probably due 
to fermentation , stinkmg stench often very great, the food having undergone 
putrefaction rather than concoction The pale loose stool looks very much 
like oatmeal porridge or gruel The hue is somewhile more yellow, other- 
while more drab True the dejections are faecal, more liqmd and larger 
than natural, but they are not always more frequent than natural , it may 
be that the patient voids daily but one large loose whitish stinking stool ’ 
The use of the adjectives pale, yeasty, frothy, stinking has persisted, often 
to the exclusion of the remainder of Gee’s description The stools of man}*^ 
of our patients differed from this classical description, being of normal colour 
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and consistency, and in an appreciable number of oases of idiopathic 
stcatorrlioca, the presence of abnormal fat content could be detected only by 
quantitative fat anal3'scs Stools were usually passed once or twice a dav 
Many of the proved cases of steatorrhoea bad long periods of normal bowel 
habits, and, not infrequently, of constipation Thus, Case 51, who had been 
under observation since childhood for coehac disease, had no intestinal 
sjTOptoms She had, however, a refractory macrocyiic anaemia, and recur- 
rent severe mouth ulceration Her faeces were dark and constipated Fat 
balance tosts showed only 82 per cent absorption 

Microscopical examination of the faeces of idiopathic steatorrhoea and 
tropical sprue usuallj show an excess of fatty acid crj^stals Occasionally m 
severe diarrhoea muscle fibres may be scon, but usually no other abnormal 
constituents Hurst (1(142) considered that the microscopical features were 
so charactonstio that quantitative estimation of the fat was unnecessary 
While the presence of excess fatty acid frequently indicates steatorrhoea, we 
encountered n sufficient number of exceptions, both with and without fatty 
acid cr^'stals, to make this quabtativo method of diagnosis unrehable for 
our purpose 


Discussion 

The essential feature of our senes of cases was the presence of an abnormal 
amount of fat in the faeces, and diarrhoea was not a constant symptom 
Four mam points may be considered, the quantitative entena upon which 
the assessment of normality or otherwise is based, the sigmficance of the 
percentage hydrotysis and composition of faecal fat, the relationship of 
intestinal burr}’’ to malabsorption of fat, and the correlation of vanous fat 
absorption tests 

Quanlitaiivc cniena The amount of fat in the faeces can be deterroined 
by the analysis of a single sample or of a cumulative specimen collected 
over a known period If the first method is used, the result can be expressed 
only as a percentage of the faecal dry weight, and the result mterpreted m 
relation to more or less arbitrary normal limits It is known that great 
variation in faecal dried weight occurs with different or similar diets, 
depending upon the amount of the unabsorbed residue (Pratt, 1934 , Wang, 
Hogden, and Gonthcr, 1939 , Macy, 1042) Even if carefuLdietary control 
18 exercised, great variation in the non-fatty residue may change the fat 
percentage from abnormal to normal levels, or vice-versa, and this may 
particularly happen when the fat absorption is only slightly depressed 
Furthermore, phasic variations m absorption are not uncommon, making 
the examination of only one small sample of faeces undesirable In addition 
to these difficulties the normal physiological range has not been satisfactorily 
agreed, and figures for the upper limit of normal faecal fat are given by 
various authors as ranging from 16 to 60 per cent (Hutchison, 1919 , Fow- 
weather, 1926, Sheldon and Harrison, 1927 , Hams and Hams, 1942) It 
can be seen by reference to Table I, and to our findings m individual cases 
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m Tables III to V that a high dried faecal fat percentage was found in 
some of the control senes Furthermore, m a number of abnormal subjects 
the diagnosis could not have been made had attention been paid only to this 
percentage This method of mvestigation thus cannot be rehed upon for the 
diSerentiation of the normal from the abnormal unless the observed defect 
IS gross, and m such cases there are invanably other associated symptoms 


Table II 



Days 

Number 

Daily fat 

Daily fat 

Percentage 


duration of 

of obser- 

intake 

excretion 


observation 

vations 

(gm ) 

(gm ) 

absorption 

Deucher (1898) 

3 

1 

203 

63 

96 9 

Gross (1912) 

Garrod and Hartley 

2 

1 

168 

42 

97 6 

(1912) 

. 3 

1 

177 

14 

99 2 

Schmidt (1916) 
Spnggs and Leigh 

3 

3 

111 

6 1 

94 6 

(1916) 

3 

1 

136 

6 4 

96 0 

Pratt (1934) 

Wang, Hogden, and 

3 

7 

132 

3 3 to 13 2 

90 to 97 6 

Genther (1939) 

6 

6 

72 to 88 

1 8 to 3 4 

97 

Macy (1942) 

Rekers, Abels, and 

6 

616 

Goto 110 
(79 3 ±16 68) 

3 47 
(±0 44) 

96 to 97 

Rhoads (1943) 
Rekers, Abels, and 

3 

2 

120 to 130 

— 

90 to 97 

Rhoads (1943) 

3 

2 

200 to 210 

— 

92 to 94 

Present senes 

2to4 

60 

50 

26 

±2 

96 

±4 


and signs upon which a diagnosis could also be made For similar reasons 
the method is of no value m determining the cure of steatorrhoea as has 
been assumed in many investigations 

In the second method the faeces are collected over a period of two to five 
days If the output is correlated with the dietary mtake, the percentage 
absorption can be calculated The amount of fat absorbed is clearly equal 
to the difference between the quantity ingested and the faecal fat, plus any 
of the latter which is derived from a non-dietary source Muller (1893) 
demonstrated that 28 per cent of the dried weight of the faeces m a fasting 
human subject consisted of fat Holmes and Kerr (1923) showed that faecal 
fat differed from the fat in the food in various ways, and interpreted this as 
evidence for fat excretion It is probable, however, that different fatty acids 
may be selectively absorbed (Langworthy, 1923 , Holt, Tidwell, Kirk, Cross, 
and Neale, 1936) which would result in changes of lodme value, meltmg-pomt, 
and other characteristics Sperry (1926a) made extensive investigations of 
this problem and concluded that a significant proportion of the normal 
faecal fat was derived from non -dietary sources, which could not be entirely 
accounted for by biliary secretion, bacterial synthesis, or the desquamation 
of epithehal cells (Sperry, 1926 6, Sperry and Angevme, 1932, Sperry, 
1932) In addition to this excreted lipoid material, of which about half is 
unsaponifiable, varying amounts of volatile lower fatty acids may be derived 
from carbohydrate or protein The estimation of the non-dietary fraction 
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and consistency, and in an appreciable number of cases of idiopathic 
stcatorrhoca, the presence of abnormal fat content could be detected only by 
quantitative fat analyses Stools were usually passed once or twice a day 
Many of the proved cases of stentorrboea bad long periods of normal bowel 
babits, and, not infrequently, of constipation Thus, Case 61, who had been 
under observation since childhood for cocliac disease, had no intestinal 
symptoms She had, however, a refractory macroo 3 diic anaemia, and recur- 
rent severe mouth ulceration Her faeces were dark and constipated Fat 
balance tests showed only 82 per cent absorption 

Microscopical examination of the faeces of idiopathic steatorrhoea and 
tropical sprue usually show an excess of fatty acid crj^stals Occasionally m 
severe diarrhoea muscle fibres may bo seen, but usually no other abnormal 
constituents Hurst (1942) considered that the microscopical features were 
so chnractcnstic that quantitative estimation of the fat was unnecessary 
While the presence of excess fatty acid frequently indicates steatorrhoea, we 
encountered n sufficient number of exceptions, both with and without fatty 
acid cry’stals, to make this qualitative method of diagnosis unrehable for 
our purpose 


Discussion 

The essential feature of our senes of cases was the presence of an abnormal 
amount of fat in the faeces, and diarrhoea was not a constant symptom 
Four mam points may be considered, the quantitative criteria upon which 
the assessment of normality or otherwise is based, the sigmficance of the 
percentage hydrol 3 ^is and composition of faecal fat, the relationship of 
inteslmal liurry to malabsorption of fat, and the correlation of various fat 
absorption tests 

Quauttiatwe criteria The amount of fat in the faeces can be detenmned 
by the analysis of a single sample or of a cumulative specimen collected 
over a known period If the first method is used, the result can be expressed 
only as a percentage of the faecal dry weight, and the result mterpreted in 
relation to more or less nrbitrar 3 ^ normal limits It is known that great 
variation in faecal dried weight occurs with different or similar diets, 
depending upon the amount of the unabsorbed residue (Pratt, 1934 , Wang, 
Hogden, and Genthcr, 1939 , Macy, 1942) Even if careful dietary control 
18 exercised, great variation in the non-fatty residue may change the fat 
percentage from abnormal to normal levels, or vice , versa ^ and this may 
particularly happen when the fat absorption is only shghtly depressed 
Furthermore, phasic variations in absorption are not uncommon, makmg 
the examination of only one small sample of faeces undesirable In addition 
to these difficulties the normal physiological range has not been satisfactonly 
agreed, and figures for the upper limit of normal faecal fat are given by 
vanous authors as ranging from 16 to 60 per cent (Hutchison, 1919 , Fow- 
weather, 1926, Sheldon and Harrison, 1927 , Hams and Hams, 1942) It 
can be seen by reference to Table I, and to our findings m individual oases 
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support the view that the excess of faecal fat is derived from unahsorbed 
materiah There does not seem to be any great need for the application 
of a standard correction to the faecal fat figures in our senes The effect of 
such a correction would be to emphasize the difference between the normal 
and abnormal groups In the Tables the fraction of the faecal fat denved 

Table IV 
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81 

60 
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72 

M 63 

48 

00 

90 

11 1 

20 1 

77 

50 

17 2 

66 

73 

M 33 

48 

69 
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96 

20 5 

78 

60 

11 4 
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80 

13 1 

11 1 

32 2 

76 

60 

70 

86 

74 

M 33 

48 

8 2 

14 0 

18 8 

41 0 

80 

60 

18 1 

64 

75 

F 30 

48 

38 

39 

114 
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60 

78 

84 
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76 

M 34 

48 

62 

47 

88 

18 7 

73 

60 

10 3 

80 

77 

M 27 

48 

3 7 

67 

10 6 

20 0 

82 

60 

13 3 

73 

78 

M 32 

72 

62 

20 9 

16 1 

42 2 

86 

60 

17 0 

66 



72 

94 

19 8 

12 4 

416 

77 
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16 6 
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M 29 
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M 21 

72 

66 
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74 
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88 

84 

M 23 
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1 7 

46 

C 

62 

12 4 

87 

60 

44 

91 

86 

M 21 

48 

1 9 

44 

67 

12 0 

84 

60 

49 

90 

86 

M 21 

72 

26 

29 

32 

86 

71 

50 

06 

99 

87 

M 30 

72 

22 

3 2 

66 

11 0 

80 

60 

44 

91 

88 

M 28 

48 

2 7 

14 

86 

12 6 

78 

60 

1 9 

96 

89 

M 46 

72 

3 8 

6 1 

69 

16 8 

76 

60 

39 

92 

90 

M 22 

72 

3 1 

49 

55 

13 6 

77 

80 

1 7 

97 

91 

M 27 

72 

32 

2 7 

39 

98 

6S 

60 

34 

93 


A Relapse B Recent severe C Recent * cured ’ 


from non-dietary sources has thus been disregarded and the percentage 
absorption figures are calculated directly from the difference between the 
amount of fat ingested and that found in the faeces over the comparable 
period If the percentage absorption was calculated m this way, it was 
found to be 95 + 4 per cent m our controls, the majority exceeding 95 per 
cent This figure is m agreement with that of other observers m this field 
(Table II) In the normal subject the percentage absorption remains within 
these limits if the fat intake is increased up to 150 gm daily or more The 
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of facoal fact aq a routine procedure in patients is difficult and there is little 
evidence to indicate that tins fraction was disproportionately increased m 

Table III 


Idiopallnc Sleaiorrhoea 
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48 
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63 
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88 

50 
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90 

66 
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60 
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* Botli these cases, though passing only one large pale stool daily, died tnthin two 
vTooks of those findings 


any of the cases under investigation The ready response of these patients 
to a low fat diet and the presence of associated signs of defective absorption 
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m the faeces (Fleckseder, 1908) After complete pancreatectomy in man, 
bpolysis BtiU occnrs (Whipple, Parsons, and MnUins, 1935, Priestley, 
Comfort, and Badcbffe, 1944) In the cases of pancreatitis in onr senes 
normal spbttmg of faecal fat was demonstrated, and in one the alveolar 
portion of the pancreas was fonnd at autopsy to be completely atrophic and 
the pancreatic ducts were filled with calcub Similar observations have been 
made by Schmidt (1910), Anderson (1938), and Deem and McGeorge (1941) 
The alleged sigmficance of the percentage hydrolysis in the diagnosis of 
pancreatic disease is based on the assumptions that there is no alternative 
source of lipase, and that fat can be absorbed from the mtestmal lumen only 
as fatty acid The former view takes no account of the bpase which has 
been demonstrated in the gastric juice (Hull and Keeton, 1917 , Wdlsf.atter 
and Memmen, 1924), mtestmal jmce (Boldyreff, 1904, Kalaboukoff and 
Terrome, 1937), and bacteria (Michaebs and Nakahara, 1923) The latter 
assumption does not accord ’with the evidence upon which the partition 
hypothesis of fat absorption is based (Frazer, 1943 a, b, Frazer, Schubnan, 
and Stewart, 1944) It may be concluded, therefore, that the percentage 
hydrolysis of fat m the faeces has little significance, and m particular that 
it cannot be regarded as a rebable mdex of normal pancreatic function 
The mterpretation of changes m the chemical characteristics of faecal fat 
IS at present unsatisfactory Evidence has been put forward that the faeces 
contain a higher proportion of saturated fat m coebac disease (Parsons, 1932) 
This might mdioate increased excretion of saturated fats, or a selective 
difficulty m their absorption, or it might be associated with a deficiency of 
dehydrogenases We have not been able to demonstrate any constant features 
in the faecal fat in our senes Usually about half of the spbt fat m the 
faeces is present as soap, although considerable vanations are found from case 
to case, and from time to time m the same case It is difficult at present to 
correlate vanations m the amount of soap m the faeces with such symptoms 
as diarrhoea, or those associated with a low level of serum-calcium or serum- 
sodium It IS possible that these difficulties may be partly due to the 
inadequacy of the data with regard to soap m the faeces, as only the gross 
value of the petroleum-ether insoluble fraction is usually determmed While 
low sodium and calcium values may be partly attnbuted to mterference 
with lomc absorption, due to the presence of an excess of fatty acid m the 
mtestmal lumen, it is doubtful whether this constitutes a major factor in 
the production of these associated disturbances It is concluded that, on the 
data available, the chemical composition of faecal fat and the percentage of 
soap cannot be given any useful cbnical mterpretation 

The reiaiionshxp of xnteshncil hurry to ffiulabsorptioii of fat It has been 
suggested (Rosenthal, 1940 , O’Sullivan and Moore, 1941) that the rapid rate 
of passage of intestinal contents through the abmentary tract might be an 
important factor in the production of a fault in fat absorption It is clear 
that the measurement of the retention time in the abmentary tract m man 
by the use of charcoal or other markers is only a crude method which does 
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mn]ority of our obserrations vrcro made on patients stabilized on a diet 
containing 60 gm of fat per diom, and, in these circumstances, a percentage 
fat absorption of less than 90 could not bo regarded as normal In practice 
it was found that cases with a percentage absorption of less than 85 m- 
vanably showed associated signs and symptoms confirmmg the presence of 
a fat absorption defect. If the figure was between 85 and 90 and the pre- 
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sence of the defect was not clearly supported by other clmical manifestations, 
romvcstigation was made 

A third method which may with advantage be employed in the detection 
of fat absorption faults is the use of a chemically recognizable or labelled fat 
This has not been done in the present series, but development of such a method 
IS under investigation Provided that the characteristics or labelling of the 
fat arc not altered in the intestinal lumen, this method should have many 
advantages over those at present available It is concluded that the only 
reliable method at the present time for the detection of fat absorption 
faults, especially in those cases in which there is no gross defect, is the fat 
balance technique 

TJie significance of j)erceniage hydrolysis and composition of faecal fat 
Seventy to 80 per cent of the faecal fat is normally present as fatty acid 
or soap The degree of spbtting of the neutral fat has been interpreted by 
some workers as being an index of pancreatic function It is claimed that 
a low hydrolysis points to a deficiency of pancreatic ]mce, and that 70 per 
cent or more hydrolysis excludes the possibihty of pancreatic disease 
(Muller, 1887, Harper, 1930, Parsons, 1932) However, as Garrod and 
Hurtley (1912) pointed out, observations can be found in which normal 
splitting and pancreatic diseases are present, and abnormal sphtting and no 
pancreatic disease It can be shown in animals that complete removal of 
the pancreas has no significant effect upon percentage hydrolysis of fat 
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observation The increase can be partly acconnted for by increasing aware- 
ness of the varied olinioal manifestations, so that mvestigations of refractory 
macrocytic anaemia, atypical permoions and hypochromic anaemias, cohtis, 
chrome ententis, and infantilism could not be considered complete nnless 
a fat balance test were earned out A more important factor may be an 
actual mcreased. mcidence of these anomahes SneU (1939), for example, 
encountered only 32 cases m Id years m a large amount of material at the 
Mayo Clmio An increased incidence of coehac disease was recorded durmg 
the war of 1914“18 (Miller, 1921) and m the war of 1939-46 a similar 
mcrease has been noted (Parsons, 1946) With few exceptions the patients 
with idiopathic steatorrhoea feed well when allowed an unrestnoted selection, 
but war-time shortages have severely limited protem intake and resulted in 
the mgestion of types of fats which normally would have been avoided 
Thus patients with a fat absorption defect may remain adjusted by dietary 
selection m peace-time, which becomes impossible in times of war If this is 
so, minor and potentially important anomahes of fat absorption are more 
common than has hitherto been supposed 


Summary 

1 Fat balance tests on a 60 gm fat mtake have been carried out on 120 
patients In 41 control patients more than 96 per cent was usually absorbed, 
with variations between 91 and 99 per cent In 29 cases of idiopathic 
steatorrhoea the average absorption was 73 per cent (range 29 to 91) 
Results m other types of steatorrhoea are also presented 

2 Microscopical examination of faeces, although frequently revealing 
excess fatty acid crystals, was not found to be a certam method of detectmg 
abnormal fat absorption 

3 While faeces containmg abnormal amounts of fat are often pale and 
more bulky than usual, they may be perfectly normal in colour and con- 
sistency 

4 The percentage fat m dned faeces has not been found to be a rehable 
criterion m the difierentiation of normal from abnormal absorption 

6 Percentage hydrolysis of faecal fat was found to be of httle value in the 
diagnosis of pancreatic disease 

6 Malabsorption of fat could not be attributed to small mtestmal hurry 

7 It IS suggested that the correlation of dietary and faecal fat as fdtty 
acid IS sufficient for the detection of a fat absorption defect There appears 
to be httle advantage at present m the further differential analysis of 
faecal fat 

8 The absorption of 70 to 80 per cent of ingested fat m the absence of 
post-absorptive systemic hpaemia is discussed 

We wish to thank the Physicians and Surgeons of the Birmingham Umted 
Hospital for permission to mvestigate cases under their care. Professors 
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not difTorentmto between tlio rate of travel of the intestinal contend through 
the various parts of the bowel So far as the absorption of fat is concerned, 
it IS only alteration m the period of retention in the small intestine which 
could be significant, and this can be determined only by radiography Care 
must bo exercised in comparing the behaviour of a barium meal with that of 
normal food, especially if absorption is deranged In those cases of diarrhoea 
m our senes in which charcoal passed through the alimentary tract withm 
seven hours of ingestion, fat absorption was normal, exceeding 96 per cent in 
all cases In the 36 cases in the senes with a proved fat absorption defect 
which were investigated radiographically, there was no evidence of moreased 
rate of passage through the •small intestine All these cases showed varying 
degrees of the ‘deficiency pattern’ (Camp and Snell, 1934, Mackie and 
Pound, 1936 , Kantor, 1940 , Golden, 1941), which one would expect to be 
associated with delay rather than hurry The total retention time m the 
alimentary tract was, however, frequently decreased It must be concluded 
that, when intestinal liurr^ can be demonstrated in these cases, the colon is 
primarily involved and consequently the defective absorption of fat cannot 
be attributed to lack of time 

Corrdaixon of fat absorpixon tests In addition to the mvestigation of the 
amount of fat in the faeces, the absorption of fat may also be investigated 
by examination of the blood dunng the post-absorptive period either by 
chemical analysis or the ch 3 domicrograph (Fish and Gage, 1924, Frazer and 
Stewart, 1939) In the normal subject a characteristic lipaemia can be 
demonstrated in the sj^stemic blood dunng four hours after ingestion of fat 
It was a striking feature of many of our cases of defective fat absorption 
that while fat balance tests indicated that 70 to SO per cent absorption had 
occurred, there was little or no change m the blood-fat The constantly flat 
chylomiorograph curve, and correspondingly low value for blood-fat ob tamed 
on chemical analysis, are difficult to explain in these cases unless it is 
assumed that the fat is leaving the intestine by some pathway other than 
the thoracic duct and systemic blood If normal subjects ingest a standard 
fat meal with added hpase, a somewhat similar phenomenon of absorption 
without the normal post-absorptive systemic sequelae can be demonstrated 
(Frazer, 1943 a, b) On the basis of animal expenments this phenomenon has 
boon explamed as being due to the absorption of fatty acid direct to the 
liver vxa the portal vein It is not impossible that some such mechanism of 
absorption may account for the observations made m cases of steatorrhoea 
In these circumstances absorption does not appear to be so complete as that 
found when normal fat/fatty acid partition occurs 

Many more cases of anomalous fat absorption have been encountered than 
was anticipated at the outset of these investigations. For example, 38 cases 
of idiopathic steatorrhoea m addition to a number of other closely alhed 
conditions have been observed over the past four years in a general hospital 
which has had much of its accommodation devoted to mihtary requirements 
Review of our diagnostic entena and case material has not altered this 
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CHANGES IN THE PABHINSONIAN SYNHBOME IN THE 
TWENTIETH CENTUBYi 

By HELEN DIMSDALE 

(Erom the Maida Vale Hospital for Nervous Diseases) 

Introduction 

It is the purpose of the present paper to examine the okoical features of 
320 cases of the Parkinsonian syndrome collected from records throughout 
the present century m an attempt to assess changes in aetiology and modi- 
fications in olmical form 

By the heginnmg of the twentieth century the clinical features of paralysis 
agitans had been fully described in the works of Parkinson (1817), Buzzard 
(1882), Charcot (1892), and Gowers (1888) Climoal accounts appearing in 
the early years of the century were those of Manschot (1904) and Mendel 
(1911) The contribution of Hunt (1917) subdivided paralysis agitans into 
pre-semle, senile, juvenile, and symptomatic forms He considered that the 
juvenile form was an abiotrophy, and proposed the name ‘progressive atrophy 
of the globus pallidus’ He suggested that some adult oases might belong to 
this pathological group 

An important new aetiological factor m the production of a Parkinsonian 
state becahie active in this country m the sprmg of 1918 Hams (1918) and 
Hall (1918) pubhshed descriptions of an epidemic disease presentmg as an 
acute ophthalmoplegia with bulbar symptoms Subsequently the condition 
was identified with von Economo’s encephalitis lethargica Hall (1918) re- 
marked on the facial expression of an encephalitic patient as ‘ so suggestive of 
Parkinson’s mask that I thought she must have paralysis agitans ’ Batten 
and Still (1918) described the mask-hke appearance of the face in ‘epidemic 
stupor’ prevalent among children at the time Buzzard (1918) and Wilson 
(1918) also commented on the resemblance between encephahtic patients and 
cases of paralysis agitans The encephalitic origin of an extrapyramidal 
syndrome similar to paralysis agitans became established 

Cntchley (1929) drew attention to arteriosclerotic Parkinsomsm, a form 
described m earher case records as paralysis agitans and cerebrovascular 
degeneration The climcal association of tabes and paralysis agitans was 
attributed by Wilson and Cobb (1924) to syphihtio mesencephabtis A rare 
syndrome of Parkinsonism with additional features of spasticity and mental 
detenoration was described by Jakob (1921) and Creutzfeldt (1920) The 
mitial stages of progressive lenticular degeneration may present as a Parkin- 
soman state, later comphcated by the development of mental changes, 

^ Received January 1, 1946 
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Chronological arrangement In the earlier years of the twentieth century 
paralysis agitans was the predominant form of Parkinsonism During the 
years 1920 to 1930 large numbers of cases of encephalitic Parkinsonism ap- 
peared as an immediate result of the epidemic of encephalitis lethargica 
After 1930 the epidemic subsided, but cases of encephalitic Parkinsonism 
still occurred as the delayed result of an earlier encephalitic infection The 
distinction of the various forms of Parkinsonism was further complicated by 
the development of a clmical picture resembling encephahtio Parkmsomsm 
in patients who had no history of acute or subacute encephalitis The coses 
have been divided into these three chronological periods to examme any 
changes ocourrmg in the main forms of Parkinsonism 

1900 to 1919 One hundred oases recorded before the production of Parkin- 
sonism by encephahtiB lethargica 

1920 to 1930 One hundred oases recorded during the epidemic 
1931 to 1942 One hundred and twenty cases recorded during the penod 
after the epidemic 

Olxnxoal analysts The foUowmg chnical aspects of the Parkinsonism 
syndrome have been considered — age distribution, duration of symptoms, 
significant past illness, mode of onset, symptoms and signs, olimcal variants 
As most of the oases were observed on a smgle occasion, the relative prognosis 
could not be assessed, but the duration of symptoms prior to attendance 
at hospital gave some indication of the course of the different forms 

1900 to 1919 The records of 100 cases were examined to obtam a picture 
of the Parkinsomaii syndrome prior to the epidemic penod Marshall Hall’s 
term paralysis agitans was m general use at this tune, and was the diagnosis 
made m every case, with one exception descnbed as Parkinson’s disease 
The age distribution arranged m decades showed a modal age of onset 
between 51 and 60 years The majority of cases (88) occurred over the age 
of 40 years The duration of symptoms pnor to observation varied from 
two months to 16 years In about half the oases (63) it did not exceed two 
years A disease descnbed as influenza preceded the onset of symptoms in 
two cases, but neither of these was atypical m its form The mode of 
onset in the majonty of cases (78) consisted of shaking of a limb Thirteen 
patients complained of weakness Stiffness or pains in the bmbs were less 
common presenting symptoms Mental symptoms were unusual, and occurred 
m seven older patients The type of disorder was involutional or senile 
On examination the dommant sign was tremor, which was present m 98 
cases, usually first involvmg the fingers or wrist of the right upper bmb 
Rigidity was recorded as present in 62 cases Weakness frequently affected 
the tremulous upper limb, but also might be associated with ngidity of the 
lower hmbs The right side of the body was predominantly affected m 47 
cases, the left m 32, and both equally in 21 Sahvation was excessive in three 
cases Ocular abnonnahties were present m 10 cases, but in four of these 
the defect was simple anisocona Two cases showed defective convergence 
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spasmodic xnovoments, and contractures Degeneration of the globus pallidus 
with development of Parkinsonian symptoms has resulted from exposure to 
toxic quantities of nitrous oxide, carbon monoxide, carbon disulphide,* man- 
ganese, potassium cyanide, and barbiturates (Alexander, 1942 ) Electrocution 
has been followed by the development of Parkinsonism A local lesion in the 
basal ganglia whether traumatic, vascular, or neoplastic, may produce 
unilateral Parkinsonian signs Any direct causal relationship between general 
trauma, mental or physical, and the appearance of Parkinsonian symptoms 
has not been proved 


ilaterial 

The clinical material on which the present paper is based consists of 33 
cases collected from early in-patient records at University College Hospital, 
235 cases from out-patient and m-patient records at Maida Vale Hospital 
for Nervous Diseases, and 52 cases from the pnvate records of Dr Russell 
Brain The use of routine hospital records for a olimcal analysis may be 
cnticwcd, because the detail m which ph3sical signs are recorded tends to 
vary On the other hand data from a largo number of observers favours 
statistical accurac}^ Only the major symptoms and signs of Parkinsonism 
which seemed adequately observed throughout the senes of cases were 
selected for consideration 

Classification As in recent 3 ears the diagnosis of Parkinsonism was made 
m some cases without reference to the aetiology, the followmg diagnostic 
criteria have been used to distinguish the main forms of Parkinsonism 
Pnral3^sis agitans usually occurs in the second half of life and tends to 
affect otherwise healthy subjects The onset is characterized by rh3i;hmical 
tremor of a limb and some degree of ngidity Pupillary abnormalities and 
disorders of ocular movement form no part of the picture, apart from slowness 
of movement and fixation of gaze when ngidity is marked Autonomic 
instabiht3^ and other signs of h3q)othalamio disturbance, including drowsiness, 
may sometimes occur in progressive phases of the disease 

Encophabtic Parkinsonism develops during or after an attack of encepha- 
litis lethargica The Parkinsonism is complicated by the presence of some 
additional s3Tnptom8 and signs, including abnormalities of ocular movement 
and pupillary function, disturbances of sleep rhythm, and mental changes 
Indeterminate Parkinsonism is the term used m the present paper for cases 
resembling encephalitic Parkmsonism m climoal features, but differmg m the 
absence of a history of an attack of encephabtis lethargica 

Arteriosclerotic Parkmsonism could not be satisfactorily distmguished 
from paralysis agitans in the available case material In earher records 
these cases were described as ‘paralysis agitans and cerebrovascular degenera- 
tion’ This form of Parkinsomsm has, therefore, been moluded with paralysis 

^ther rare forms mclude syphilitic vascular Parkmsonism and the Jakob- 
Creutzfeldt syndrome 
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Some olimcal variants of the classical form were included Three cases 
developmg symptoms before the age of 31 years might be described as 
examples of juvenile paralysis agitans None gave a history of a precedmg 
infection , tremor in all was more prominant than rigidity , the pupils and 
ocular movements were normal Two women with onset after the age of 
70 years belonged to the senile variety, and both showed well marked 
tremor The diagnoses of cerebral degeneration, vascular disease, and doubt- 
ful paralysis agitans were made in two cases which conformed in clmical 
features with Cntchley’s arteriosclerotic Parkinsonism Complicatmg diseases 
were rare , diabetes was present in one case Eor their age the patients 
were exceptionally healthy, and hypertension was uncommon 

1920 to 1930 Durmg the years 1920 to 1930 a senes of 100 cases of the 
Parkinsoman syndrome showed a less uniform ohnioal picture than in the 
precedmg period, due to the production of cases of Parkinsonism by encepha- 
litis lethargioa Thirty-four oases resembled paralysis agitans in their 
chnical features Fifty -four cases followed an attack of enoephahtis lethar- 
gica Eleven oases conformed with encephahtio Parkinsonism m type, but 
the development of symptoms was not preceded by symptoms of encephahtis 
These have been called mdetermmate ParkmsonisirL There was one example 
of tabes and paralysis agitans, which will be descnbed with a case of syphilis 
and Parkinsonism in the next senes 

Paralysis agitans {Idiopathic Parktnsonism) The age distnbution agam 
showed a modal age of onset between 61 and 60 years of age As in the 
previous senes the duration of symptoms pnor to attendance for treatment 
m just over half the cases (56 per cent ) did not exceed two years The 
signs and symptoms were unchanged apart from a slight mcrease of cases 
showing ngidity (68 per cent ), and m defects of convergence No examples 
of the juvenile or senile forms occurred The only comphcatmg diseases 
were hystena in one case and artenosolerosis m another 

Encepliahitc Parkinsonism The causative attacks of encephalitis lethargioa 
occurred durmg the years 1918 to 1929, with peak years fallmg m 1920 and 
1924, thus correspondmg with the incidence in this country (Registrar 
General’s statistical review, 1918-29) and throughout the world (Matheson 
Commission Survey, 1929) The mterval between the symptoms of the acute 
attack and the development of the Parkinsoman sequelae seldom exceeded 
SIX months, and frequently the acute illness blended with the chronic 
disabihty The age distribution showed a marked contrast with that of 
paralysis agitans Encephahtis Parkinsomsm m this period was a malady 
of the first half of hfe, young adults bemg principally affected The modal 
age of onset was m the second decade The duration of symptoms varied 
between three weeks and six years, but the majority of cases (72 per cent ) 
presented themselves for treatment of Parkinsonism within two years 
Encephalitis lethargica during the epidemic period produced an advanced 
degree of Parkinsomsm which developed rapidly Shakiness, although less 
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of paralysis agitans After the epidemic of encephalitis these exceptional 
forms became common Most of them showed ocular abnormalities and have 
been mcluded m the group of mdetermmate Parkinsonism One hundred 
and twenty cases of Parkinsomsm observed during these years consisted of 
62 cases of paralysis agitans, 24 cases of declared encephahtio Parkinsonism, 
42 cases of indeterminate Parkinsonism, one case of the Jakob-Creutzfeldt 
syndrome, and one case of Parkinsonism and syphilis 

Paralysis agitans As in the earlier senes, paralysis agitans showed 
a modal age of onset in the sixth decade The duration of symptoms in just 
over half the coses did not exceed two years An infection descnbed as con- 
gestion of the lungs preceded the onset of shaking in one case The symptoms 
and signs resembled the previous groups of paralysis agitans, and agam there 
was a right sided predominance No juvenile cases occurred in this group 
The senile cases numbered eight Two cases might be distinguished as 
arteriosclerotic Parkinsonism The only compbcatmg disease recorded was 
auricular fibrillation m a man aged 63 years 

Encephalitic Parkinsonism The interval between the causative attack of 
encephalitis and the appearance of Parkmaoman sequelae varied between 
the extremes of an immediate onset to a latent period of 19 years Most of 
the cases, m contrast with those of the epidenuo period, were characterized 
by a latent interval of some years During the epidemic period most of the 
cases developed Parkmsoman sequelae m the year after the attack of 
encephalitis The age of mcidence of acute encephahtis and encephahtio 
ParkniBonism differed only by weeks or months After the epideimc subsided, 
cases with a period of latency affected the age of incidence The modal age 
of onset occurred m the third decade, and the large number of cases occurring 
between the ages of 11 and 20 years had practically disappeared The 
duration of sjmaptoms prior to attendance at hospital varied from three 
months to 18 years and m over haK the cases (66 per cent,) exceeded two 
years The onset was insidious and the course prolonged Shakiness was 
more promment as an mitial symptom than in the previous senes of encepha- 
litic Parkinsonism and occurred in 13 cases (64 per cent ) Stiffness, weakness 
combined with shakiness or stiffness, and ooulogyno crises were other modes 
of onset Mental symptoms showed approximately the same mcidence as m 
the preceding senes, but disorder of mood charaotenzed by depression was 
more common than major lock of emotional control Four patients complamed 
of disturbance of sleep rhythm Tremor was evident on exanunation m 21 
cases (90 per cent) and was frequently descnbed as ‘fine’, ‘pill rolhng’, or 
‘ Thythmical’, adjectives formerly restncted to the tremor of paralysis agitans 
There was no defimte predortunance m the side of the body affected Rigidity 
and sahvation were less marked than in encephahtio Parkinsonism of the 
epidemic period Eye signs were common and occurred m 17 oases (71 per 
cent ) A defect of accommodation was the abnormahty most frequently 
present, but usually m association with other pupillary anomalies Six cases 
had oculogyric crises 
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predominant than m paralysis agitans, was the presenting symptom m 
21 eases (39 per cent) Stiffness, weakness associated with stiffness, and 
sleep disorders wore often initial symptoms Mental symptoms were con- 
siderably more prominent than in paralysis ngitnns and were present m 
13 cases (24 per cent ) Tho typo of disorder found was usually one of mood 
resulting in emotional instability and spontaneous or excessive laughter 
Some patients show cd emotional apathy with loss of affection for parents 
and lack of interest in work Such mental disturbances were common in 
patients infcoted in their icons or early twenties Encephalitis producing 
mental sequelae in older patients resulted in depression and delusions 
Recurrence of sleep disturbance, consisting of nocturnal insonmia and 
diurnal letlmrgv, was associated with Parkinsonism in five coses (0 per 
cent ) Rigidity of the limbs on objective examination was more pronounced 
than m paralysis agitans and occurred in 47 cases (87 percent) Tremor 
showed a reduced incidence and was recorded m 38 cases (70 per cent) Its 
character differed from the tremor occurring m paral;yei8 agitans, and it was 
described ns conr<o tremor or shaking rather than possessing a rhythmical 
quality Tiie right side of tho body was principally affected m 22 cases 
(41 per cent ) A generalized distnbution of signs with tho nght side pre- 
dominantly affected was tho commonest form Restriction to one hmb, m 
contrast to tho findings of Hall (1923), was unusual and occurred in only 
four cases Twenty-two cases (41 per cent) showed excessive salivation, 
a considerable increase contrasted with tho incidence of this symptom m 
paralysis agitans (3 per cent ) Eye signs were the chief additional features 
of encephalitic Parkinsonism and were present in 39 cases (72 per cent) 
Oculogyric crises occurred m five cases (9 per cent ) The commonest mani- 
festation, present in 21 eases (39 per cent ), was a defect of accommodation, 
usually combmed with defective convergence and other abnormahties such 
as ptosis, weakness of elevation, nystagmus, irregular unequal pupils, and 
impaired liglit reaction Isolated defects of convergence and accommodation 
were rare 

Indeicrmutaic Parkinsonism This small group of 11 oases resembled 
encephalitic Parkinsonism in the incidence of mental symptoms, rigidity, 
sleep disorders, sahvation, and ocular abnormahties None of the cases had 
a history of encephalitis lethnrgica, although three adult patients described an 
indefinite illness prior to the development of symptoms The age of onset was 
vanable, but with one exception all cases occurred pnor to the sixth decade 

1931 to 1942 During these years the distinction between the different 
forms of Parkinsonism became increasingly difficult The difference in age 
of incidence between encephalitic Parkinsonism and the degenerative forms 
was less well defined Patients affected with encephahtis m their twenties 
were developing Parkinsonism at an age not uncommon for the onset of 
paralysis agitans Prior to 1920 generalized forms of rapid onset and rigid 
forms, specially of hemiplegic distribution, were recognized as rare vanante 
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of paralysis agitans After the epidemic of encephalitis these exceptional 
forms became common Most of them showed ocular abnormabties and have 
been mcluded m the group of indeterminate Parkmsomsm One hundred 
and twenty cases of Parkinsonism observed during these years consisted of 
62 cases of paralysis agitans, 24 cases of declared encephalitic Parkinsonism, 
42 coses of indetermmate Parkmsomsm, one case of the Jakob-Creutzfeldt 
syndrome, and one case of Parkmsomsm and syphilis 

Paralysis ayiians As in the earlier senes, paralysis agitans showed 
a modal age of onset m the sixth decade The duration of symptoms m just 
over half the oases did not exceed two years An infection described as con- 
gestion of the lungs preceded the onset of shaking m one case The symptoms 
and signs resembled the previous groups of paralysis agitans, and agam there 
was a right sided predommance No juvenile cases occurred m this group 
The senile cases numbered eight Two oases might be distmguished as 
artenosclerotio Parkinsonism The only oompheating disease recorded was 
auricular fibrillation in a man aged 63 years 

Encephalitic Parkinsonism The interval between the causative attack of 
encephahtis and the appearance of Parkmsonian sequelae varied between 
the extremes of an immediate onset to a latent period of 19 years Most of 
the cases, m contrast with those of the epidemic period, were characterized 
by a latent mterval of some years During the epidemic period most of the 
oases developed Parkinsoman sequelae m the year after the attack of 
encephahtis The age of mcidence of acute encephahtis and encephahtic 
Parkmsonism differed only by weeks or months After the epidemic subsided, 
cases with a period of latency affected the age of incidence The modal age 
of onset occurred in the third decade, and the large number of cases occurrmg 
between the ages of 11 and 20 years had practically disappeared The 
duration of symptoms prior to attendance at hospital varied from three 
months to 18 years and m over half the oases (66 per cent ) exceeded two 
years The onset was insidious and the course prolonged Shakmess was 
more promment os an mitial symptom than in the previous senes of encepha- 
htic Parkinsonism and occurred in 13 oases (64 per cent ) Stiffness, weakness 
combined with shafciness or stiffness, and oculog 3 nnc crises were other modes 
of onset Mental symptoms showed approximately the same mcidence as m 
the precedmg senes, but disorder of mood characterized by depression was 
more common than major lack of emotional control Four patients complained 
of disturbance of sleep rhythm Tremor was evident on examination m 21 
cases (90 per cent ) and was frequently desenbed as ‘fine’, ‘pill rolhng’, or 
* rhythmical’, adjectives formerly restricted to the tremor of paralysis agitans 
There was no defimte predommance in the side of the body affected Rigidity 
and sahvation were less marked than in encephalitic Parkmsonism of the 
epidemic period Eye signs were common and occurred m 17 coses (71 per 
cent ) A defect of accommodation was the abnormahty most frequently 
present, but usually m association with other pupillary anomalies Six cases 
had ooulogjnric enses 
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Indeterminate Parkinsonism This form of Parkinsonism became common 
in the years after the epidemic Eorty-two out of a senes of 120 coses of 
Por hTns o Tnflrn were of this type As the interval in years since the epidemic 
period moreased, the fresh cases of indeterminate Parkinsonism appeared in 
progressively later age groups In an attempt to show this change the cases 
have been subdivided into three groups depending on the date of onset of 
symptoms, prior to 1931, during 1931 to 1936, and durmg 1937 to 1942 

Age groups in decades Prior to 1931 1931 to 1936 1937 to 1942 


11 to 20 

4 

2 

— 

21 „ 30 

3 

6 

3 

31 „ 40 

2 

3 

6 

41 „ 60 

— 

3 

6 

61 „ 60 

— 

— 

4 

61 „ 70 

— 

— 

3 


Although the number of cases is small it appears that there is a definite nsmg 
trend m the modal age of onset Up to 1931 it falls m the second decade, m 
1931 to 1936 m the third decade, and in 1937 to 1942 in the fourth and 
fifth decades This vanation m the age of onset suggests that these cases of 
Parkinsonism were the deferred result of an aetiological factor active m the 
first half of life durmg 1920 to 1930 None of the patients gave an imeqm- 
vocal history of encephahtis Contact through nursing a case of encephahtis 
lethargica in 1931 directly preceded the onset of symptoms in a woman 
aged 34 years Although the commonest presentmg symptom was shakmess, 
occumng m 19 cases (46 per cent ), it was less prominent than m declared 
encephalitic Parkinsonism , stiffness, weakness, and slowness m varying 
oombmation, sleep disturbance, oculogyric crises, and mental symptoms 
were other modes of onset The symptoms and signs differed shghtly from 
encephahtic Parkmsomsm m the predominance of ngidity over tremor 
Rigidity occurred m 36 cases (86 per cent ) and tremor m 31 (74 per cent ) 
The left side of the body was predommantly affected m 21 oases (60 per 
cent ), the right m 14 (33 per cent ), and both equally m seven cases 
(17 per cent) Abnormal mental states were recorded m four oases, and 
disturbances of sleep m nine Excessive sahvation was more common than in 
paralysis agitans Abnormahties of ocular movement and pupillary function 
occurred m 26 cases (62 per cent ) The commonest abnormality was de- 
fective contraction of the pupils on accommodation m 14 cases (34 per cent ), 
but in 13 of these multiple abnormalities were present Four cases had 
oculogyric crises Hypertension and paroxysmal dyspnoea were associated 
with Parkinsonism m a woman aged 64 years, and another patient, a woman 
aged 68 years, was deaf and dumb 

Other forms of ParLtnsontsm The JaLob-Qreiitzfeldt syndrome One patient 
with onset in middle life of weakness and stiffness of the legs, reflex changes 
of pyramidal type, striatal poverty of movement, slurred speech, and mental 
changes presented the chnical features of this syndrome 

Nenrosyphbs and Parhnsontsm Wdson and Cobb (1924) described a small 
number of cases m which paralysis agitans was present m association with 



J64 


QUARTERLY JOURNAL OF MEDICINE 


tabes They attributed this clinical combination to the result of a syphihtic 
mesencophalitis complicating tabes Some outhonties consider ’ that the 
association is a chance one duo to the occurrence of two relatively common 
conditions in the snnio patient In the 1920 to 1930 series of cases there was 
one example of tabes and paralyaiB agitans, and m the 1931 to 1942 senes 

Table V 
Age of Onset 
PftralyBJH ngitnns 


1000 to 1920 

1021 to 1030 

1931 to 1942 





N 

^ 



Ago groups 

Number 

Ago groups Number 

Age groups Number 

in decudos 

of cases 

in decades 

of CAses % 

in decades 

of cases 

% 

21 to 30 

3 

21 to 30 

0 0 

21 to 30 

0 

0 

31 „ 40 

S 

31 „ 40 

0 175 

31 „ 40 

2 

38 

41 „ 60 

10 

41 „ GO 

5 16 

41 „ 60 

10 

19 

5J „ CO 

47 

G1 „ 00 

15 44 

61 „ 60 

19 

37 

Ct 10 

24 

61 „ 70 

8 23 5 

61 „ 70 

13 

26 

71 „ SO 

2 

71 „ 80 

0 0 

71 „ 80 

1 

13 





91 „ 90 

1 

19 


Encc^jhahtjc PnrkjDBOnifini 


)921 to 1030 


1031 to 1042 


Ago groups 
in decades 

Number 
of cases 

» 

• 

Age groups 
in decades 

Number 
of cases 

% 

n to 20 

20 

37 

11 to 20 

3 

12 3 

21 ,, 30 

18 

34 

21 „ 30 

12 

50 

31 „ 40 

9 

17 

31 „ 40 

5 

21 

41 50 

6 

9 

41 „ 60 

1 

4 2 

51 „ 00 

0 

0 

51 „ 60 

3 

12 5 

01 „ 70 

0 

3 

61 „ 70 

— 

' — 


Indcfemiinato Parkinsonjsni 


1021 to 1930 


1031 to 1942 


Ago groups 
in docflcles 

0 to 10 

n „ 20 

21 „ 30 
31 40 

41 „ 50 
51 .. CO 


Number 
of cases 

1 

3 

1 

0 

3 

1 


Age groups 

Number 


in decades 

of cases 

% 

11 to 20 

6 

14 

21 „ 30 

11 

20 

31 ,. 40 

10 

24 

41 „ 60 

8 

19 

61 „ 60 

4 

96 

61 70 

3 

74 


w 

one of encephalitic Parkinsonism complicated by sjphihs The tot ws 
a man aged 68 years, who had noticed tremor of the left upper hmbfortwo 
vears later extending to the right He tended to fall backwards if he 
stopped abruptly For six months prior to coming under “f 

a mL of paralysis agitans, he had received antisyphilitic treatment as the 
l^r^armann inaction was positive On examination his pupils were 

^ wZV to H.S fee/-™. e*pr.®oto and thar. ™ PartotoW 
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the nght side There was slight tremor of the left leg The reflexes were 
present m the upper limbs, the knee-jerks and ankle-jerks were absent, and 
the plantar responses flexor His gait was shuffling and his attitude typical 
of paralysis agitans The cerebrospinal fluid contained 42 lymphocytes per 
c mm , globuhn present, albumin 60 mg per 100 o c Wassermann reaction 
+ 4 - + Lange curve 655432100 He was considered to be a case of tabes 
and paralysis agitans, but alternatively could be classified as a case of 
syphihtic vascular Parkinsomsm The second case was a man aged 31 years, 
with a history of treated syphilis and an attack of encephahtis while 
serving in Indo-Chma Four years later he developed oculogyric crises and 
ParkuiBoiiia/ii symptonis The pupils failed, to react on convergence-accom- 
modation, but were active to hght Although the cerebrospinal fluid was 
normal, the presence of asymmetrical reflexes with bilateral extensor plantar 
responses suggested the possibihty of a dual infection of the nervous system 


Discussion 

The following problems arise m the discussion of the Parkinsonian 
syndrome 

1 Whether an idiopathic form (paralysis agitans) eiists 

2 What chmcal features distmguish idiopathic and encephalitic forms 

3 How cases resembhng encephahtio Parkinsonism onginate m the absence 
of a known infection with encephalitis (mdeterminate Parkinsonism) 

1 Although the present paper is concerned with the clinical aspects of 
the Parkinsonian syndrome, the pathological grounds for recognizmg the 
existence of an idiopathic form require brief consideration Most authonties 
(Bielsohowsky, 1921 , Lhermitte and Comil, 1921 , Foix and Nicolesco, 
1926 , Keschner and Sloane, 1931 , Wilson, 1940) have described the patho- 
logical change as a diffuse degenerative process principally localized in the 
basal ganglia and their efferent systems, unaccompamed by mflammatory 
reactions, major vascular lesions, or marked gliosis Certam mvestigators 
(Hunt, 1917, Jakob, 1926, Alexander, 1942) have considered that the 
large ganglion cells were selectively mvolved, although Jakob found addi- 
tional changes secondary to capillary fibrosis Lhermitte and Comil (1921) 
and Foix and Nicolesco (1926) observed a patchy pigmentary degeneration 
of both large and small ganghon cells, an itai cribU of the white matter 
secondary to semle vascular changes, and a mild degree of gbosis They 
emphasized that the condition was an abnormal and premature locahzation 
of senihty in the basal ganglia, and might be associated with degenerative 
changes elsewhere in the brain, including the frontal cortex 

Other recognized forms of Parkinsonism discussed in the present investiga- 
tion show certain pathological features which enable them to be distinguished 
from idiopathic Parkinsomsm Most investigators, including Foix (1921), 
Me Alpine (1923), and Alexander (1942), have found that encephalitic 
Parkinsonism was characterized by the predommance of cell destruction in 



166 


QUARTERLY JOURNAL OF MEDICINE 

the substantia nigra, and the presence of residual mflammatory changes 
Although m longstanding cases the perivascular inCltration and diffuse glial 
proliferation may resolve, some adventitial fibrosis and coarseness and 
irregularity of glial fibrils usually persist The diagnostic lesions in syphilitic 
vascular Parkinsonism arc stated to consist of proliferation of the vascular 
endothelium, and an infiltration of Ijrmphocytes and some plasma cells in 
the adventitia and perivascular spaces In the Jakob-Creutzfeldt syndrome 
atrophy of the corpus striatum is associated with severe atrophy of the 
ccrobrnl cortex and degeneration of the corticospinal fibres The pathological 
conception of idiopathic Parkinsonism (paralysis agitans) as a presenile de- 
generative disorder is supported by the characteristic age distribution of the 
disease tabulated by Souques (1921), Patrick and Levy (1922), and Wilson 
(1940) The present senes also Bbo\\cd a consistent modal age of onset in 
the sixth decade for cases which in other clinical features resembled classical 
paralysis agitans 

2 Clinical features selected by different authors ns important m distin 
gmshing encepliahtio Parkinsonism from paralysis agitans include coarse or 
absent tremor, ngidit}", oculogyric crises, other abnormalities of ocular 
movement, pupillary anomalies, excessive salivation, psychic disorders, and 
disturbances of sleep rhjthm Hall (1923), Young (1927), and Keschner 
and Sloane (1931) found that tremor was frequently absent in encephahtic 
Parkinsonism and if present tended to bo coarse, whereas tremor in paralysis 
agitans ^^as fine and rhythmical m character Davison (1942) considered 
tremor one of the outstanding symptoms of "post-encephalitic paralysis 
agitans' He correlated release of tremor with lesions of the substantia 
nigra and rigidity with atrophy of the globus palhdus It is possible that this 
divorgonco from the previously accepted symptomatology of encephalitic 
Parkinsonism, which is not commented on by Davison, may be the result of 
an increase of tremor m the current type of encephahtic Parkinsonism The 
present paper tends to confirm this view , tremor was coarse or often absent 
m the 1920 to 1930 group of encephahtic Parkmsomsm In the 1931 to 
1942 group the incidence increased from 70 to 90 per cent , and the tremor 
was described as ‘fine’, ‘pill rolling’, or ‘rhythmical’, adjectives formerly 
restricted to paraljsis agitans The ocular manifestations of encephalitic 
Parkinsonism consist of various abnormahties of ocular movement and 
pupillary anomahes including fluttering tremor of the closed eyehds and 
weakness of convergence and accommodation The sign of blepharoclonus 
was originally described by Charcot (1892) m paralysis agitans Exception- 
ally, weakness of convergence-accommodation may occur as a manifestation 
of rigidity m stnatal disease other than encephahtic Parkinsonism It has 
been described in progressive palhdal degeneration (Hunt, 1917), paralysis 
agitans (Wilson, 1928), and progressive lenticular degeneration (Wilson, 1940) 
The ocular defects present m cases of encephahtic Parkinsonism recorded y 
Hall (1923), Keschner and Sloane (1931), Neal (1942), and Davison (1942) 
were symptomatic of combined striatal and midbram tegmental lesions n 
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the present paper the variations m incidence of blepharoclonns were not 
considered, as the sign had not been consistently elicited The commonest 
defect m encephahtio Parkinsonism was failure of the pupil to react on 
accommodation, but it was almost invariably associated with additional 
pupillary abnormalities and defects of ocular movement The characteristic 
feature of encephahtic Parkinsonism, therefore, was the multiplicity of 
ocular defects Weakness of convergence occurred occasionally m paralysis 
agitans associated with fixity of gaze Of the other signs considered important 
in the differentiation of encephahtio Parkinsonism, ngidity and sahvation, 
although occurrmg in paralysis agitans, showed a higher mcidence in the 
encephahtic form, specially durmg the epidemic period Psychic disorders 
occurred m 25 per cent of cases of encephahtic Parkinsonism, and in 10 per 
cent of cases of paralysis agitans, usually m association with involutional 
changes Disturbance of sleep rhythm was restricted to encephahtic Parkm- 
sonism 

Differing views regardmg the course and prognosis of encephahtic Parkin- 
somsm and paralysis agitans have been expressed by various writers 
Wilson (1940) and Collier and Adie (1941) considered that there was a 
tendency to arrest, if not amehoration, m encephahtic Parkinsomsm, whereas 
paralysis agitans showed a progressive downward course Bram (1940) 
stated that the course of Parkmsonism following encephahtis is usually more 
rapidly progressive than that of paralysis agitans In the cases under con- 
sideration, the course of encephahtic Parkinsonism judged by duration of 
symptoms was shorter than that of paralysis agitans durmg the epidemic 
years, but more prolonged in the 1931 to 1942 group The longest latent 
period between the causative attack of encephahtis and the development of 
Parkinsonism was 1 9 years To summarize, encephahtic Parkinsonism during 
1920 to 1930 differed from paralysis agitans in degree of rigidity and saliva- 
tion and m the presence of additional signs and symptoms, notably oculogyric 
cnses, multiple abnormahties of ocular movements and pupillary function, 
psychic disorders, and disturbance of sleep rhythm Durmg 1931 to 1942 
the course of encephahtio Parkmsomsm became more prolonged, and the 
differentiatmg clmical features less marked This approximation of encepha- 
htic Parkmsonism to paralysis agitans may have a pathological basis 
Jakob (1925) and Alexander (1942) have suggested that the acute and sub- 
acute processes of epidemic encephahtis bring about changes m the basal 
gangha which, often practically recovering from the infiltrative and mflam- 
matory components, go on to a progressive nuclear degeneration The final 
result of milder encephahtic infections might, therefore, be m distinguishable 
from paralysis agitans 

3 The term indetemunate Parkinsonism has been used m the present 
paper for a group of cases foreshadowed in 1920 to 1930, but occurrmg 
principally during 1931 to 1942 These resembled subacute Parkmsonism of 
the epidemic penod m moderately rapid onset, ngidity, eye-signs, and sleep 
disorders An unequivocal history of encephahtis was laokmg, although 
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the substantia nigra, and the presence of residual inflammatory changes 
Although in longstanding cases the perivascular infiltration and diffuse glial 
proliferation may resolve, some adventitial fibrosis and coarseness and 
irregularity of glial fibrils usually persist The diagnostic lesions in syphilitic 
vascular Parkinsonism are stated to consist of proliferation of the vascular 
endothelium, and an infiltration of lymphocytes and some plasma cells m 
the adventitia and pcr 2 y!iscu}nr spaces In the Jakob Cceutzfeldt syndrome 
atrophy of the corpus stria turn is associated with severe atrophy of the 
cerebral cortex and degeneration of the corticospinal fibres The pathological 
conception of idiopathic Parkinsonism (paralysis agitans) as a prcsemle de 
generative disorder is supported b> the characteristic age distribution of the 
disease tabulated by Souques (1921), Patnek and Levy (1022), and Wilson 
(1940) The present senes also shoved a consistent modal age of onset m 
the sixth decade for cases which m other clinical features resembled classical 
paralysis agitans 

2 Clinical features selected by different authors as important in distin 
gtushmg encephalitic Parkinsonism from paratysis agitans include coarse or 
absent tremor, rigidity, oculogjTic crises, other abnormalities of ocular 
movement, pupillary anomalies, excessive salivation, psychic disorders, and 
disturbances of sleep rhythm Hall (1923), Young (1927), and Keschner 
and Sloane (1931) found that tremor was frequently absent in encephalitic 
Parkinsonism and if present tended to be coarse, whereas tremor m paralysis 
agitans vas fine and rhythmical in character Davison (1942) considered 
tremor one of the outstanding symaptoms of ‘post-encephalitic paralysis 
agitans’ He correlated release of tremor with lesions of the substantia 
nigra and rigidity with atrophy of the globus palhdus It is possible that this 
dncrgoncc from the previously accepted symptomatology of encephalitic 
Parkmsonism, which is not commented on by Davison, may be the result of 
an increase of tremor in the current type of encephabtic Parkinsonism The 
present paper tends to confirm this view, tremor was coarse or often absent 
in the 1920 to 1930 group of encephabtic Parkinsonism In the 1931 to 
1942 group the incidence increased from 70 to 90 per cent , and the tremor 
was described as ‘fine’, *pill rolling’, or ‘rhythmical’, adjectives formerly 
restricted to paralysis agitans The ocular manifestations of encephalitic 
Parkinsonism consist of vanous abnormahties of ocular movement and 
pupillary anomalies including fluttering tremor of the closed eyehds and 
weakness of convergence and accommodation The sign of blepharoclonus 
was onginally described by Charcot (1892) in paralysis agitans Exception- 
ally, weakness of convergence-accommodation may occur as a mamfestation 
of rigidity in striatal disease other than encephalitic Parkinsonism It has 
been described in progressive palhdal degeneration (Hunt, 1917), paralysis 
agitans (Wilson, 192S), and progressiroJentioulardegeneration (Wilson, 1940) 
The ocular defects present m cases of encephalitic Parkinsomsm recorde y 
HaU (1923), Keschner and Sloane (1931), Neal (1942), and Davison (1942) 
were symptomatic of combined striatal and midbram tegmental lesions m 
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group of encephalitic Parkmaomsm Mental isymptoms and eye signs were 
unchanged in incidence The approximation of encephalitic Parkinsonism to 
paralysis agitans tends to support J akoh^s Yiew that sublethal damage to the 
ganghon cells by a virus results in their degeneration at deferred mtervals 
Forty-two cases of mdetermmate Parkmsomsm showed an age distnbution 
suggestive of an aetiological factor incident m young people m the years 
correspondmg with the epidemic of encephahtis lethargica The common 
identity of these cases with encephahtio Parkmsonism was confirmed by the 
frequent presence of sleep disorders and eye signs Rigidity was promment 
in this group as m Parkinsonism of acute onset in the epidemic years There 
appeared a definite left sided predommance of signs, which was difficult to 
explam Over the whole group the age of incidence was mcreasmg, but the 
onset of symptoms was frequently associated with sleep disorder or a minor 
febrile lUness The duration of symptoms appeared shorter than in the 
current declared type of encephahtio Parkinsonism These discrepancies 
may perhaps be attributed to the activity of a cryptogemo infection which 
after a period of latency destroys the affected ganglion cells, producmg 
Parkmsomsm resemblmg m type that of the previous decade m fairly rapid 
onset and predommance of rigidity It is improbable that these cases are 
the result of a fresh infection of subolmical encephahtis occurring after the 
subsidence of the epidemic wave, because of the relatively late age of onset 
One case of Parkmsomsm and syphilis, and a case of the Jakob-Creutzfeldt 
syndrome complete the senes 

I wish to express my thanks to Dr Riddoch for valuable criticism My 
thanks are due to the members of the Honorary staffs of Umversity College 
Hospital and Maida Vale Hospital for Nervous Diseases for permission to 
use case records past and present I am specially indebted to Dr Russell 
Brain, at whose suggestion the paper was written, for much helpful advice 
and access to his clmical records 
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a minor fcbnlo attack m some eases preceded the development of symptoms 
In contrast to encoplinhtis lothnrgica which predominately attacked adole- 
scents. these oases occurred in progressively later ago groups with the passage 
of time since the epidemic period Such a clinical course might be explained 
by the hypothesis that activation occurs of a prior virus infection of the 
ganglion cells acquired during the epidemic period Modem views are 
tending to attribute to virus infections the capacity of remaining dormant 
for lengthy periods in cells 


Conclusio7}$ 

1000 (o 1019 {One hundred cases ) The majority of cases of Parkin- 
sonism attending for treatment during these years were cases of paralysis 
ngitans The symptoms developed in the second half of life, with the modal 
ago of onset occurring between 61 to 60 years of age The duration of 
symptoms in over half the cases did not exceed two years The chief 
symptom and objective sign was tremor, affecting the right side of the 
bodv Abnormal mental states wore rare and restricted to the older patients 
Excessive salivation was uncommon, and the ocular movements and pupillary 
reactions were usually normal Three juvenile and two senile cases were 
recorded 

1920 to 1030 (One hundred cases ) Thirty-four cases resembled the 
previous group of paralysis agitnns m most of their cbnical features There 
was an increased recording of ocular anomalies, chiefly weakness of con- 
vergence Fifty-four cases resulted from an attack of encephalitis lethargioa, 
and the sequelae were usually immediate A large proportion of these cases 
(72 per cent ) sought medical advice within two years, showing a severe 
degree of Parkinsonism of rapid development Mental symptoms and dis- 
orders of sleep were common Shakiness was the usual presenting symptom, 
but ngidity appeared more promment on objective exammation, and the 
distribution was general with a nght sided predominance The incidence of 
excessive salivation was high In most cases eye signs, consisting of abnor- 
malities of external ocular movement and pupils, complicated the Parkm- 
eonism The common defect was failure of the pupil to contract on 
accommodation, but was almost invariably associated with other ocular 
abnormalities Eleven cases classified as indeterminate Parkinsonism re- 
sembled encephalitic Parkinsonism in clinical form, but differed in the 
absence of a history of encephalitis There was one case of Parkinsomsm 
and neurosyphilis 

1931 to 1942 (One hundred and twenty cases ) Fifty-two cases fall into 
the group of idiopathic Parkinsonism (paralysis agitans) conforming lu age 
distribution, duration of S 3 ^mptoms, and objective signs with the classical 
type Twenty-four oases of encephahtio Parkinsonism m this senes were 
characterized by a long latent penod, or prolonged duration of aym^tomB 
The onset of symptoms had become gradual and tremor was predommant 
as m paralysis agitans, whereas rigidity was less marked than in the previous 



171 


616 714-007 


CRANIOFACIAL DYSOSTOSIS THE SIGNIFICANCE OF 
OCULAR HYPERTELORISM^ 

By ALEXANDER BROWN aot) R KEMP HARPER 
(From the Royal Infirmary, Glasgow) 

With Plates 12 to 16 
l7itrod%ictxon 

Nttmebotts attempts have been made from time to tune to group together 
the developmental abnormahties which involve the skull and facial bones 
These attempts were based on chmoal descriptions and anatomical studies 
made post mortem, and there has been a tendency to accept clinically distinct 
anatomical defects as separate pathological entities Even with the added 
means of investigation provided by radiology, there has been httle or no 
clanfication of the subject The emphasis has been laid on differentiation, 
with an elaboration of nomenclature, m a group of conditions which often 
have many features m common, and are best moluded in the category of 
cramofacial dysostosis The following are the chief types of craniofacial 
dysostosis differentiated up to the present time 

Oocycephaly This condition is characterized by excessive growth of the 
skull in a vertical direction The frontal and bregmatic regions are pronunent 
and the anteropostenor diameter is short It is accompamed usually by 
shallow orbits, exophthalmos, and a beak-like nose The deformity is 
regarded as due to premature closure of the coronal suture Acrocephaly 
has been descnbed as a variant of this condition, the skull being truncated, 
as distmct from the bullet-shaped appearance m oxycephaly 

Scaphocephaly Elongation of the anteropostenor diameter is the essential 
feature and sometimes the vault is keel-shaped Premature closure of the 
sagittal suture is thought to be the cause The paneto-temporal, spheno- 
parietal, and spheno-temporal sutures may also be mvolved Frequently 
the postenor fossa is enlarged and overhangs the base of the skull Brachy- 
cephaly with undue prommence of the bregmatic region, and dolichocephaly 
with a prominent frontal region, are variants which lie between oxycephaly 
and scaphocephaly 

Plagiocephaly The skull is asymmetrical about the sagittal suture This 
may result from premature closure of one or more sutures on one side, with 
consequent overgrowth on the other It may be due to hemiatrophy of the 
bram, when the skull may be thickened on the affected side Various other 
sutures may be mvolved, resultmg in some modification of the essential 
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The palate is often highly arched and narrow, and the gnms hypertrophic, 
but alterations m the shape of the mandible sufficient to cause disabdity, as 
in Case 3, are uncommon Deformities elsewhere m the body are sometimes 
present, and those most commonly encountered are herma, undescended 
testes, and anatomical defects m the hands and feet (see Table) Affection of 
the higher nervous and mental functions is variable, and does not always 
occur m proportion to the degree of deformity PickeriU (1938) reported the 
mental state of his first case as brdhant and his remammg four oases were 
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Fig 1 Family No 1 Numbers mdicate size of family in each instance Numbers m 
parentheses mdicate those survivmg to adult life AfEected mdividuals are shown m 
black 

of normal mentabty The disposition of those mentally affected is usually 
even-tempered and gentle In the majority of cases hitherto recorded there 
IS no history of hereditary transmission It was sought in most cases, and 
those m whom it was noted are mdicated in the Table Gunther’s (1933) 
behef that a hereditary element is Jacking is thus not confirmed 


9 
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Personal Observaiiona 

The cases to be described comprise two fa mili es, each affected in at least 
three generations In the first family the deformity resembled, though only 
m part, that desonbed by Greig , in the second hypertelorism was associated 
with oxycephaly 

Family No 1 This family consisted of father, mother, and five children, 
four girls and a boy The father and the first and fourth children were 
affected The father’s mother had also been affected (Fig 1) A remarkable 
feathre of this prolific family was the high mortabty at an early age Of at 
least 66 persons in two generations, only 20 reached adult life There was no 
history of consangumeous marriage 

Case 2, a healthy, muscular quarryman, aged 64 years, presented a marked 
degree of hypertelonsm (Plates 12 and 13, Figs 3, 4, 6, and 6) No history 
of his youth was available, but on examination he was found to be mentally 
dull and ilbterate He was even-tempered and of quiet disposition Bilateral 
deafness had been present for as long as he could remember It appeared to 
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deformity Pkgioprosopia indicates asj-mraetry of the face , it is associated 
usually with cranial asymmetry Case 6, to bo desenbed, illustrates this 
typo of deformity 

Trigonocephaly Maldovelopment of the frontal region, and excessive 
development of the postenor part of the skull, are the essential features of 
this deformity Premature closure of the coronal sutures is regarded as 
being responsible 

Platyccphaly This defect is characterized by enlargement of the posterior 
fossa, uhich overhangs the cervical spine vith the result that the latter 
appears to bo invagmatcd into the skull The deformity is thought to be 
duo to premature closure of the sutures of the vault, with overgrowth at the 
occipito-pnnctal suture A similar typo of deformity may be produced by 
the occurrence early in life of softening of the skull bones, for example m 
rickets 

Cramolacunxa This deformity has been regarded as due to premature 
closure of many sutures, which leads to gross alterations in the skull, often 
associated rndiologically with marked ‘thumbing’ of the skull 

Hypertelorism This is a descriptive term apphed to a craniofacial 
deformity associated with undue separation of the orbits The condition is 
considered m greater detail below, with special reference to two families m 
each of which a hereditary clement was evident 

Ocular Hypertelorism 

The term hypertelorism was first used by Greig (1924) to desenbe undue 
orbital separation, the antithesis of cyclopia, or single mid-lme orbit Hyper 
telonsm was the salient feature m a craniofacial defect which he regarded as 
due to abnormal development of the lesser wings of the sphenoid bone Over- 
growth of these was found to be associated with a persistent cramopharyngeal 
canal containing the nasopharyngeal stalk of the pituitary Subsequent 
reports on this deformity are not numerous, but they suffice to show clearly 
that all cases with undue separation of the orbits do not necessarily show 
similar changes in the sphenoid bone Hypertelorism is remarkable not only 
m the typo of skull deformity with which it may be associated, but also in 
the variety of abnormahties m the bones and soft tissues which frequently 
accompany it A detailed account of these, obtained from a review of avail- 
able literature, is presented m the Table Hypertelorism is usually bilateral, 
but asymmetry and even a completely unilateral deformity may occur 
(Lightwood and Sheldon, 1928 , Divry and Evrard, 1935) The deformity is 
often accompanied by great breadth of the nasal bridge, the bones of which 
may be massive Occasionally the bndge is depressed and the nose retrouss^, 
or the tip may be retracted and distorted (Pickenll, 1938) Even with 
Battening of the nasal bridge, the hypertrophic nasal bones bnut the fields 
of vision on the nasal side Ocular movements may be poor, and even in the 
absence of strabismus bmooular vision may be considerably unpaired, parti- 
cularly for close objects The mouth frequently shows some abnonnahty 
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The palate is often highly arched and narrow, and the gums hypertrophic, 
but alterations m the shape of the mandible sufficient to cause disabihty, as 
m Case 3, are uncommon Deformities elsewhere m the body are sometimes 
present, and those most commonly encountered are henna, undescended 
testes, and anatomical defects m the hands and feet (see Table) Affection of 
the higher nervous and mental functions is vanable, and does not always 
occur m proportion to the degree of deformity PickeriU (1938) reported the 
mental state of his first case as bnlliant and his remaining four cases were 
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Pig 1 Family No 1 Numbers mdicate size of family m each mstance Numbers m 
parentheses mdicate those surviving to adult life Affected mdividuals are shown m 
black, 

of normal mentahty The disposition of those mentally affected is usually 
even-tempered and gentle In the majority of oases hitherto recorded there 
is no history of hereditary transmission It was sought in most cases, and 
those m whom it was noted are mdicated in the Table Gunther’s (1933) 
behef that a hereditary element is Jacking is thus not confirmed 

Personal Observations 

The cases to be described comprise two famihes, each affected in at least 
three generations In the first family the deformity resembled, though only 
in part, that described by Greig , in the second hypertelorism was associated 
with oxycephaly 

Family No 1 This family consisted of father, mother, and five children, 
four girls and a boy The father and the first and fourth children were 
affected The father’s mother had also been affected (Fig 1) A remarkable 
feathre of this prohfic family was the high mortahty at an early age Of at 
least 65 persons in two generations, only 20 reached adult life There was no 
history of consanguineous marriage 

Case 1, a healthy, muscular quarryman, aged 64 years, presented a marked 
degree of hypertelorism (Plates 12 and 13, Figs 3, 4, 6, and 6) No history 
of his youth was available, but on examination he was found to be mentally 
dull and ilbterate He was even-tempered and of qmet disposition Bilateral 
deafness had been present for as long as he could remember It appeared to 
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1)6 of nerve ongin, but localization was difficult owing to lack of cooperation 
The only physical defect was m the skuU The orbits were widely separated 
Distance between inner canthi — 4 7 cm (Normal about 3 cm ) 

Distance between outer canthi — 9 6 cm (Normal about 9 cm ) ^ 

X-ray wppearances The skuU was unusually thick and large with the 
thickenmg most marked m the basi-ocoiput, and sphenoidal and frontal 
areas The bony texture was coarser than usual, but except in the frontal 
and parietal areas the inner and outer tables could be differentiated, and 
vascular channels could be distinguished The sutures were aU closed and 
marked sclerosis along all their lines of fusion was evident The sella turcica 
was of normal size, but the sphenoidal ndges were unusually high The 
orbits were far apart, and rather oval and obhque The frontal and maxillary 
smuses were absent, and the mastoid areas dense and acellular Coarse 
ethmoidal cells of considerable extent occupied a much wider area of the 
mterorbital region than is normally seen The sphenoidal smuses were 
present The maxillae and mandible were heavier and coarser than usual 
and the nasal bones were much denser and also beak-shaped The sphenoidal 
fissures were narrow and the optic foramma normal m size but oval m shape 
The mentovertical view of the skull showed no abnormality m the fissures or 
foramina of the base Examination of the rest of the skeleton showed only 
a certam heavmess and coarseness of the bones similar to that seen m the 
skull, but with no other significant features 

Case 2, the eldest daughter, aged 35 years, showed a marked degree of 
hypertelonsm (Plate 14, S^g 7) 

Distance between inner canthi — 5 3 cm 
Distance between outer canthi — 10 1 cm 
There was also hypertrophy of the nasal bones, flattemng of the nasal bridge, 
and shght deafness of nerve origm The palate, uvula, and gums were normal 
Ocular function was unaffected Inquiry into her early years revealed that 
shortly after birth it was noted that the nose was short and that there was 
nasal obstruction Development m infancy and childhood was retarded She 
was sent to a school for mental defectives, and at the age of 1 6 years she was 
able to read a httle, write her name, knit, and sew At the age of 27 years 
she gave birth to an illegitimate child Whether the child showed any 
developmental abnormality is unknown 
X-ray appearances There were no essential differences m the appearances 
of this patient’s bones as compared with those of her father The nbs, 
clavicles, pelvis, and other bones exhibited a certain coarseness and heaviness 
unusual m a woman of her size and age 

Case 3, aged 20 years, was the fourth child of the family She had been 
bom without difficulty and during infancy and childhood had shown only 
shght evidence of retarded development From infancy it had been noted 
that she was unable to bring her front teeth mto apposition Shght nasal 
obstruction had been present from an early age When seen, she was a well- 
built, muscular young woman No deformity was present el^where than m 
the head and face, and hypertelonsm was marked (Plate 14, Fig 8) 

Distance between inner canthi— 6 5 cm 
Distance between outer canthi — 10 8 cm 
The deformity was associated with a massive nasal bndge which produced 
great hmitation of visual fields on the nasal side The gums, especially m 
the upper ]aw, were hypertrophic The mouth was so distorted that apposi- 
tion of the gum margins m the mid-hne was impossible A gap of almost 
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1 6 cm rcmnincd The lower jaw was massive, and the palate very narrow 
and highly arched Mentally she was slightly subnormal Speech was m 
distinct and the words ill-formed No radiographs could be obtained as the 
patient would not submit to X-ray examination 

Family No 2 Three members of this family, belonging to three generations, 
were affected (Fig 2) Only two wore examined The father’s mother had 
been the first case noted in the fnmil} She had attributed her unusual facial 
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Fio 2 Fnmi!> No 2 Alloctcd indi\nduals 
nro sliown m blnck 


appearance to intra-iitenno injury There was no history of consanguineoas 
marriage in this family 

Case 4, aged 49 years, was a well-built, rather spare man of average intelli 
gcncc His only physical defect was m the head and face A moderate degree 
of h^Toertolorisra was present (Plate 15, Fig 9) 

Distance between inner canthi — 4 3 cm 
Distance between outer canthi — 9 5 cm 
The gums, palate, and uvula were normal 

X-ray appearances Radiological examination revealed a scaphocephalic 
skull, the bones of which possessed a normal texture The orbits were widely 
separated The ethmoidal sinuses were coarse and unusually extensive, but 
the mastoid processes wore acellular 

Case 5, aged 18 years, was a poorly nourished girl with very slender bones 
and a email round head (Plate 15, Fig 10) She showed a marked degree of 
hj^iertelorism 

Distance between inner canthi — 5 2 cm 
Distance between outer canthi — 10 7 cm 
The nose was retroussd The head was small and rather spherical, with 
flattening in the left frontal and supra-orbital regions Apart from the pre- 
sence of decayed teeth, the gums were normal The palate was narrow and 
highly arched Although ocular movements were full, convergence was m- 
complete and binocular vision much impaired, specially for close objeote 
Associated deformities comprised a scoliosis with prominence of the right side 
of the chest postenorly The middle third of the right clavicle was defective, 
giving rise to weakness and undue mobility in the right side of the shoulder 
girdle No history was given by the father of delayed development of ^ 
daughter in infancy Both osseous defects had been noted at birth one 
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attended school from the age of five years, and apparently made normal 
progress m spite of defective vision For some years she had tended to 
suppress the image in the right eye On examination, a considerable degree 
of mental defect was found to be present 

X-ray appearaiices The skull exhibited many mteresting features There 
was oxycephaly associated with plagiocephaly (asymmetrical skull) and 
plagioprosopia (asymmetncal face), as well as a marked degree of ocular 
hypertelorism The oxycephaly is m strong contrast with the scaphocephaly 
shown by the father (Case 4) The left petrous bone was higher than the 
right, a feature probably related to the plagiocephaly The face was small, 
but aU the paranasal smuses, inoludmg the ethmoidal and sphenoidal, were 
well developed The mastoid processes were cellular The nose showed slight 
deviation to the left side The middle third of the right clavicle was repre- 
sented by a band of dense fibrous tissue The right scapula was smaller than 
the left and rotated into an abnormal position The coracoid process was 
bifid with an additional distal projection The left clavicle had a concave 
inferior surface above the coracoid process, which was enlarged and had 
produced a pressure defect on the clavicle Apart from the ver^'^ small thorax 
and the slender ribs, which were m keeping with the build of the patient, no 
further abnormahties were observed Further examination was prevented by 
the patient’s death soon after operation for an appendix abscess for which she 
was primarily admitted to hospital 


DtSCtLSSt07l 

Throughout the bterature on hypertelorism there has been a tendency to 
accept the ocular defect as the fundamental abnormahty It is evident from 
the reports reviewed and from the cases described in the present senes that 
the undue separation of the orbits may reflect one of several basic changes 
Greig’s (1924) ongmal cases showed overgrowth of the lesser wings of the 
sphenoid bone Similar changes were described by Kersley (1935), Posner 
and Piatt (1940), and Vonsek (1941) The two cases reported by van Bogaert 
and Sweerts (1935) showed hypertrophy of the body of the sphenoid, and in 
the first, the greater wings of the bone were also enlarged Oldfield (1937) 
described hypertelonsm associated with an encephalocele which protruded 
into the nasopharynx through a defect in the anterior part of the body of 
the sphenoid The cases of Mmr (1925) and Rawson and Avila (1930) may 
have been due to persistence of the facial cleft Great variation has been 
recorded in the radiological appearance of the skull Unusual thiokenmg of 
both skull and mandible was present m the cases described by Ogilvie and 
Posel (1927, Case 2), Tourame, Solente, and Vialatte (1936), and Deutman 
and Keizer (1939) Greig (1924) commented on the radiological appearances 
suggesting an unusually thick vertex m his second case, but this was not 
confirmed at autopsy In our own series thickenmg to an extreme degree 
was seen m all three cases of Family No 1 In addition, the exact similarity 
of the skulls of the father and daughters, the great density, the absence of 
air ceils except the very coarse ethmoid cells, and the general coarse texture 
of the bones form a group of features which has not previously been described 
The skulls of Family No 2 (Cases 4 and 5) are quite different from those of 
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Fainilv No. 1 and m addition they arc diflcront from one another This is 
not uncommon in hereditary abnormalities and a deformity may vary from 
generation to generation, n feature well illustrated by Brailsford (1945) in his 
study of familial brachydactyly Since liypertelonsm is symptomatic of a 
g^o^^tll defect in the skull, the question of the aetiology of the undue ocular 
separation defect is fundamentally that of the defect in the pnmitive meso- 
derm, dcvelopmont of ^\hlch tends to bo associated with structural abnorma- 
lities involving chiefly, but not only, the bones of the skull The mechanism 
b}^ vhich the defect produces distortion of the shape of the skull has been 
discussed by Isola (1932), who regards premature closure of one or more 
sutures ns the chief factor in the production of the many typos of craniofacial 
d\Fostosi5 already described In reviewing the radiographs available both m 
the literature and from the patients in the present senes, it is evident that 
in the majority the sutures arc not obviously abnormal This does not 
necessarily vitiate Isola's hjpothcscs, because the union of sutures may 
commence in the diploG and spread to the inner and then to the outer table 
Tlius when a doformitj is present, functional closure of sutures may coexist 
vnili apparentW normal serrations of the outer table shown radiologically 


Simmari/ 

L The clinical features and radiological appearances in five cases showing 
ocular hypertelorism arc desenbed, and the available literature on the subject 
IS reviewed 

2 It is emphasized that ocular liypertelonsm is a descriptive term without 
aotiological implication, and that it is a condition which may occur with any 
type of ornniofacial dysostosis 

3 Ocular hypertelorism is an abnormality which is evident m infancy and 
persists throughout life The majority of affected subjects suffer from strabis- 
mus, defective visual fields, and defective bmocular vision About one m five 
show definite mental defect, which, however, is not always related to the degree 
of the deformity, and half the cases have some additional physical defect 

4 The aetiology of the various types of craniofacial dysostosis is unknown 
Premature closure of sutures may be responsible, but this is not always 
demonstrable by radiology 

The authors wish to thank Dr David Smith for permission to study Case 2 
and Mr G T Mowat for the introduction to Case 6 
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Family No 1 and in addition they arc different from one another This is 
not uncommon m horcditarj^ abnormalities and a deformity may vary from 
generation to generation, a feature well illustrated by Brailsford (1946) in his 
study of familial braclij dactyly Since hypertelorism is symptomatic of a 
grou til defect in the skull, the question of the aetiology of the undue ocular 
separation defect is fundaracntnlly tliat of the defect in the primitive meso- 
derm, development of which tends to bo associated with structural abnorma- 
lities involving chiefly, but not onl>, the bones of the skull The mcchamsm 
by which the defect produces distortion of the shape of the skull has been 
di'^cusscd by Isola (1932), wdio regards premature closure of one or more 
sutures as the chief factor in the production of the many types of craniofacial 
dysostosis already described In renewing the radiographs available both m 
the literature and from the patients in the present senes, it is evident that 
in the majonty the sutures are not obnouslj abnormal This does not 
neccssarih vitiate Isola’s hj-potheaes, because the union of sutures may 
commence in the diploc and spread to the inner and then to the outer table 
Tims when a deformity is present, functional closure of sutures may coexist 
with apparent!} normal serrations of the outer table shown radiologically 


Suvimary 

1 The clinical features and radiological appearances in five cases showing 
ocular h} pertelonsm arc described, and the available literature on the subject 
15 Tc\ icwed 

2 It is emphasized that ocular hypertelorism is a descriptive term without 
aotiological implication, and that it is a condition which may occur with any 
typo of craniofacial dysostosis 

3 Ocular hypertelorism is an abnormality which is evident m infancy and 
persists throughout life The majonty of affected subjects suffer from strabis- 
mus, defective visual fields, and defective binocular vision About one m five 
show definite mental defect, which, however, is not always related to the degree 
of the deformity, and half the cases have some additional physical defect 

4 The aetiology of the various types of craniofacial dysostosis is unknown 
Premature closure of sutures may bo responsible, but this is not always 
demonstrable by radiology 

The authors wish to thank Dr David Smith for permission to study Case 2 
and Mr G T Mowat for the introduction to Case 5 
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THE EPIDEMIOLOGY OE THE 1945 OUTBREAK OE 
POLIOMYELITIS IN MAURITIUS^ 

By A M MoF ARLAN, G W A DICK, akd H J SEDDON 

Introducti07i 

DtTBiNG the month of March 1946 there were about 800 cases of poho- 
myehtis in the island of Mauritius, and over 1,000 cases occurred during the 
first five months of the year The attack rate was 2 4 per 1,000, so that 
the outbreak was comparable m intensity with the 1916 epidemic in New 
York (Lavinder, Freeman, and Frost, 1918) and the 1942-8 outbreak in 
Malta (Seddon, Agius, Bernstein, and Tunbridge, 1946) The presence of an 
epidemic was recognized by the Department of Medicine and Health at the 
heginmng of March , with the assistance of a corps of V A D a a search for 
oases was made and it was found that they were widely distributed The 
schools were closed and children prohibited from travelling m trains or buses 
Soon after April 16, the date of our arrival in Mauritius, the Government 
Medical Officers prepared lists of cases m the rune districts giving the date 
of onset when known From these lists it appeared that the epidemic had 
begun during February m Rosehill, had spread all over the island m March, 
and was practically at an end by the third week in April 

The Island and its Population 

Mauritius is situated m the Indian Octean, 600 miles east of Madagascar 
and 20 degrees south of the equator, at the southern limit of the tropics 
The island (Fig 1) measures some 38 miles from north to south and about 
28 miles from east to west In the low-lying northern part are the districts 
of Pamplemousses and Riviere du Rempart, mainly devoted to sugar pro- 
duction but with a few fishing villages, and a considerable number of market 
gardens m Pamplemousses The southern parts of these districts nse to the 
central plateau with its encircling ranges of mountam peaks rising to about 
2,000 feet At the south-west comer of Pamplemousses is the district of Port 
Louis, with the capital town of the same name lying between the harbour 
and the surroimding hills From Port Louis the mam road and railway go 
south and west to the central plateau through the towns of Beau Bassm, 
Rosehill, and Quatre Bomes in the district of Plames Wilhelms Higher up 
are Phoenix, Vacoas, and Curepipe surrounded by sugar estates Beyond 
Curepipe there is uncultivated woodland m the hills and then several 
straggling villages among sugar estates on the way down to the small town 
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of Mfihobourg jn the dietncl of the Grnncl Port From a fork south of Cure 
pipe a branch road leads south-nest to the sugar estotes and fishing Tillages 
in the district of Savanne Fiom Port Louis and Roschill other roads go to 
sugar estates in the districts of Moka and Flacq in the eastern part of the 



island, and others to the mountainous, sparsely populated district of Black 
Biror in the south-west 

Chmnte The mean temperature m the midsummer month of January 
IS 78® F on the coast and 75® F on the central plateau, corresponding 
temperatures in July, the coldest month, are 68® F and C4®F Rainfall 
vanes from 45 inches a year on the coast to 148 inches in the hills The 
wettest months are December to April In 1944 August and November were 
very dry In September, October, and December 1944 and January 1945 
the rainfall was above the averages for these months, while in February and 
March 1946 the fall was less than the average Three cyclones hit the island 
in 1946, on January 16, February 2, and April 7 The first two caused damage 
all over the island, the third affected mainly the south-eastern part 
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Housing Most of tlie houses are bamboo huts with thatched roofs and mud 
floors , there are also stone and wood huts, some with corrugated iron roofs, 
while a few well-built wood or concrete houses are occupied by the wealthier 
people Overorowdmg m Mauritius is very great, as was shown by the 1944 
census (Table I) It is particularly marked m Port Louis where only the 
poorer classes live , wealthier people come in daily to work, and live m higher 

Table I 
Overcrowding 

Percentage of families with three or more persons per room 
1944 census figures 1938 census figures 


Mauritius 

27 9 

England and W ales 

31 

Port Louis 

49 1 

Stepney 

84 

Curepipe 

19 6 

Hampstead 

02 


and less malarious districts The towns of Beau Bassm, BosehiU, and Quatre 
Bomes are crowded with jioor people , Vacoas and Phoenix have some better 
houses, but also-many crowded slum areas, and Curepipe similarly presents 
a patchy elegance In the villages the houses are spread out along the roads 
or scattered irregularly over the hiU-side or along the coast On some sugar 
estates there is the same haphazard arrangement of houses as m the villages, 
m others there are barrack rows of bamboo or stone huts The cyclones 
mtensified overcrowding durmg the early months of 1946 Families had to 
share houses or were herded together m halls and schools The schools are 
poorly built, lU-ventdated, and far too small for the number of children 
attendmg 

Sanitation The sanitary arrangements are poor all over the island Port 
Louis is the only place with a water-carriage system , Curepipe has bucket 
latrmes Most places have unscreened pit latrmes with rickety super- 
structures Many of these were blown down by the cyclones, and until 
repairs were carried out weeks or months later the latrmes were used even 
less often than usual Refuse hes m heaps m the streets and yards of towns, 
villages, and sugar estates 

Dtei The diet of the majority of the population is very poor by European 
standards, protem m particular bemg deficient Meat is rarely eaten because 
it 18 so scarce and fish is seldom available Milk is frequently adulterated and 
80 scarce that children receive it only m tea or mdk puddings , it is always 
boiled before use Before the war the mam article of food was rice, but dunng 
the war it became scarce so that flour and vegetables were the staple diet 
After the cyclones vegetables were almost unobtainable The poverty of the 
diet was increased among the poorer classes by a ‘ black market’ which raised 
prices far above their means In spite of the inadequacy of the diet it did 
not appear that malnutrition determmed the mcidence of pohomyehtis The 
patients seemed to be at least as well nourished as other members of their 
families who escaped the disease, and there was a high incidence m Chinese 
children who enjoyed a more abundant diet than Indian and Creole children 



186 


QUARTERLY JOURNAL OP MEDICINE 

Population A census taken on Juno 11, 1944, showed that the population 
numbered 419,185 More than half (205,247) were Indians, who are the 
de«;ccndants of indentured lal>ourors and form the main labour force on the 
sugar estates Three quarters of them are Hindus and one quarter Moslems 
The latter arc mainly toum-dwellcrs, engaged in trade In the ‘general 
population (143,050) Creoles predominate, they arc descendants of the 
s?a\c population and are of African or Jlnlngasy origin There are many 
people of mixed race, and rclativclj’* feu white Mauritians, mostly of French 
origin, with a Bpnnkhng of British people The Chinese number 10,882, and 
arc almo«:t all shopkeepers. 

Prcialcnt diseases I^Ialaria is prevalent m the coastal districts Ankylo- 
stomiasis IS Widespread Enteric fever is endemic and there was an epidemic 
in the village of Triolet in Pamplemoussas in 1944-5 Amoebic dysentery i5 
apparently increasing Poliom}clitis is endemic A few cases have been 
notified from time to time since 1927, when the disease was made notifiable, 
and a considerable number of old eases were seen chnically, one dating from 
1891 


Method of Field Snney 

An exhaustive questionnaire (see Appendix) was drawn up for recording 
the clinical and epidemiological details of eases It was modelled on that used 
b\ Pro^t (1941) After recording identification data, the dates of onset of 
symptoms ucro entered on a list In all accessible cases the results of clinical 
examination were also recorded These findings were used to decide whether 
the ease was one of poliom 3 "elitis or not, and in accepted cases to fix the date 
of onset A list of members of the household uas made giving their ages, 
occupations, places of work, and particulars of any recent illness Any known 
contact between the patient or other member of the household and a previous 
case uns noted, ns were visits to or visitors from other places, and the names 
of previous and subsequent patients in the vicinity The sources of dnnkmg 
water, milk, and foodstuffs were entered, and finally the type of house, its 
sanitary arrangements, and the presence or absence of domestic animals, 
insects, and vermin Epidemiological studies were made between Apnl 17 
and May 31 They were begun in Savanne and continued in Port Louis and 
Paniplemousses Later Black River was surveyed by the V^Ds who had 
assisted us in the other places and given ample proof of their abihty The 
towns in Plaines Wilhelms were investigated as occasion offered Altogether 
773 cases were studied, but in a few the full questionnaire was not used In 
most the data were obtained from the patient or relatives at the house where 
the illness began , m some they were obtamed by questiomng the parents 
when they visited their children in hospital With the aid of R A M 0 
orderlies or V AS> s as interpreters there was bfctle difiSoulty in securing 
answers to the questions asked and the results are probably as rebable as 
any that can be obtamed when investigations are undertaken some weeks 
after the event In addition to the 773 cases studied in this way, there were 
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82 cEses for which, cluucal data were available i a further 163 cases were 
included which had been notified, mainly from the districts of Rm^re du 
Rempart and Grand Port, but were not seen by us This total of 1,018 
mcluded 41 unnotified cases It is fewer than the 1,107 notified up to May 31 
on account of the rejection of dupbeates, untraceable cases, and those in 
which the diagnosis was doubtful or wrong 

Animal Inoculation 

Dr K C Smithbum of the Yellow Fever Research Institute at Entebbe, 
Uganda, undertook some animal moculations Paralytic poliomyelitis re- 
sulted m a monkey (Macacus nvidaita) moculated with a suspension of the 
pooled faeces of four family contacts of a case Two of the contacts were 
adults and two were children One of the latter had a febrile illness, which 
might have been abortive poliomyehtis Abortive pohomyehtis followed 
the inoculation of a monkey (Gercopithecu^ aethtops joJinstoni) with a suspen- 
sion of the spmal cord of a fatal case The virus appeared to be of low 
virulence for monkeys Negative results were obtamed in 10 other monkeys 
moculated with etherized extracts from materials such aff flies, faeces, throat 
swabs, and sewage The specimens were treated with ether and then kept 
frozen m a refrigerator m Mauritius and on ice durmg their 3,000-mile flight 
to Entebbe The disappointing inadec[uacy of this side of the work was due 
neither to transport difficulties (the Royal Air Force did everything possible 
to assist us) nor to lock of laboratory facilities, for the Director of the 
Laboratory at Entebbe, Dr Mahaffy, and Dr Smithbum were willing and 
able to handle much more material The trouble was that we arrived late m 
the course of the epidemic, and had to content ourselves with coUeotmg 
material from the neighbourhood of the few late cases 


Clinical Features 

The chnical findmgs presented no strikmg deviation from those usually 
encountered in epidemics of pohomyehtis Of the cases considered here 
06 per cent were paralysed 

Site o/ paralysis In a sample of 401 cases it was found that the paralysis 
affected one or both lower limbs in 86 per cent , the lower limbs only being 
affected m 64 per cent , and lower hmbs with other parts of the body m 
22 per cent Upper hmbs alone were affected m 10 per cent , and 2 per cent 
had bulbar paralysis 

Deaths There were 68 deaths m cases in which the history of illness given 
by relatives suatamed the diagnosis of pohomyehtis Of these 68 there were 
41 (73 per cent ) m which death was due to bulbar or respiratory paralysis, 
associated with paralysis of the hmbs m 26 cases In the other 17 there were 
four late deaths due to infection, and 13 severely paralysed cases with no 
history of respiratory or bulbar paralysis m which the exact mode of death 
was obscure, the patients having died before we arrived The case fatality 

(Q.1^ ^ew Serif* ho, p 
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rate of G por cent, cnloubtcd from tbe^c deaths and the total of 1,018 cases is 
therefore only an approximation 

Aborlwc cases The data eonceming abortive eases are unsatisfactory since 
they had to bo based on a history of illness in other members of a household 


WCEKLV INCIDENCE 



Fxa 2 TTcokly incidonco of diarrhoeas and of pyroxia of unknown 
ongin in the Gornson 

occurring nt about the time of illness of the frank case, and the inquiry was 
usually not made until some weeks after the event After discarding many 
such cases m which there was a suspicion of malana, there remamed 44 
possible instances of abortive pobomyehtis m 773 households This figure is 
almost certainly too low In the garrison, where there were four oases of 
poliomyehtis, there were m the next six weeks some 200 cases of pyrexia of 
imknown ongm m excess of the average number for the precedmg weeks 
(Fig 2) Malaria was excluded in these oases Details were available about 
some of the more severe coses which were sent to hospital, and it seemed 
that they might have been abortive cases of pobomyehtis Unfortunately 
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lumbar puiLoturea were not performed Others may hare been of the same 
nature or perhaps instances of the ‘ lUness of infection ’ which is discussed 
below under * multiple cases m famihes’ 

The rather explosive curve of this outbreak of fevers, occurnng imme- 
diately after the oases of pohomyehtis and at a time when the garrison was 
isolated from the civihans as a precautionary measure, suggested that the 
virus of pohomyehtis was widely diffused in the garrison and givmg nse to 
fever without paralysis The diffusion may have been even wider than these 
figures mdioate smce men may have been infected and infectious without 
developing fever 


General Epidemtological Findings 

Prevalence of respiratory and intestinal infections Weekly returns of sickness 
m the garrison showed that the moidence of respiratory infections remained 
fairly constant between November 1944 and April 1945 The curve for 
mtestmal infections showed (Fig 2) an explosive rise in the second half of 
February which was due to cases arising m many umts stationed aU over 
the island The prevalence of respiratory and mtestmal mfections m civihans 
was studied by obtammg from Dr E H Madge of the Victoria Hospital, 
which serves the RosehiU district, the numbers of cases admitted and new 
out-patients diagnosed each week as suffermg from such mfections Respira- 
tory infections fell from a maximum of 60 cases a week in November 1944 to 
a fairly steady 40 cases a week from January to Apnl 1946 Intestmal 
mfections rose gradually from 20 oases a week m November to 80 cases m 
the first week of March (Fig 2) The steepest part of the rise was m the first 
three weeks of February when the pohomyehtis epidemic began m the 
district This nse may have been merely a seasonal one, but it showed that 
there was an mcreasmg prevalence of mtestmal infections at the time when 
the pohomyehtis epidemic began 

Incubation period Estimates of the incubation period of pohomyehtis m 
Mauntius were made from seven cases with short and only possible exposures 
and from six cases with longer but hmited exposures (Fig 3) It was found to 
be eight to 14 days as is usual m pohomyehtis (Aycock and Kessel, 1943) 
We have recently obtamed detailed information about a merchant seaman 
of 19 years, who left Mauntius on February 27, landed at Colombo on 
March 10, and developed pohomyehtis on the 11th Durmg the two weeks 
before his departure from Mauntius, he hved aboard his ship m the harbour 
at Port Louis and went ashore m the evenmgs, visitmg cinemas and taverns 
The mmimal incubation penod m this case was 1 1 days 

Multiple cases in families Multiple cases m famihes were as usual un- 
common, there bemg only 24 m 1,018 cases Six of them occurred from eight 
to 10 da3’’S after the first cose (Fig 3) and were probably true secondary 
cases infected by the first case at about the time of its onset There was one 
late secondary case on the seventeenth day The other 17 occurred withm 
five days of the onset of the first case Four of these 17 cases were m mfants 
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or very young children, and followed the illness of an older child who had 
been exposed to mfccl ion nt school or in the village It Ecomed that the older 
child had introduced the infection into the household and infected the 
younger child early in the incubation period Although in the other cases 

INCUBATION PERIOIJ 



Fia 3 In A and C, Dn% 0 is the daj of onset of the first cose, and each square shoTTB 
the day of onset of a Inter cose 

In B> Dnj 0 corresponds to tho dny of infection and each lino shows the limits of the 
incubation period in a case 


a pornllol infection from the same source wns possible, the true course of 
events might have been that the first case infected the second early in the 
incubation period Such an explanation would help to account for the 
observation (Lavinder, Freeman, and Frost, 1918) that 80 per cent of secon 
dary oases of poliomyelitis occur within six days of the first case The idea 
that cases may be infectious early in the incubation period is supported by 
tho 'dromedary' hype of temperature curve noted in some cases of poho- 
myelitis in IMauntius and elsewhere A fever with vague symptoms lasts for 
a day or two, then after four to seven days of apparent recovery there is 
a recurrence of fever and paralysis supervenes If the preparalytio fever 
18 taken as the onset and an incubation period of 10 days is assumed, the 
first rise of temperature is found to occur between one and four days after 
infection It might therefore correspond to an illness of infection Such an 
illness of infection, if not followed by further symptoms or signs of poho- 
myebtis, would constitute the ‘minor illness’ of Paul and Trask (1932) 
These authors isolated the vims of poliomyebtis by monkey mooidation of 
oral washmgs from two such cases, and pomted out that they corresqionded 
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to Wickman’s (1913) conception of an abortive case, and also that Draper 
(1926) bad intunated that the first phase of the ‘dromedary’ form of clinical 
pohomyehtis might be the only recognizable phase of the disease in from 60 
to 80 per cent of all oases 

Age specific attach rates (Table 11 and Fig 4) Age specific attack rates 
were calculated on the figures of the 1944 census, except in the case of 


Table EE 

Cases and attacL rates per 1,000 in age groups 


Age m months 

0 to 2 

3 to 6 

6 to 8 

9 to 11 



Cases 

1 

8 

16 

24 



AR 

03 

2*0 

38 

60 



Age m years 0 1 

2 

3 

4 

6 6 

7 

8 

9 

Gases 48 119 

123 

123 

130 

119 86 

34 

17 

7 

A R 4 0 14 9 

12 3 

12 3 

13 0 

119 8 6 

34 

17 

08 


Quinquennia 0 to 4 6 to 9 10 to 14 16 to 19 20 to 24 26 to 29 Total 

Cases 543 263 19 8 11 7 1018 

AR 10 7 64 04 02 03 0 04 24 

children tinder 1 year of age, where the number of notified births was used 
The attack rate rose during the four quarters of the first year of life, but the 
rate in children imder 1 year (4 per 1,000) was lower than at ages one to 
6 years (12 per 1,000) After the age of 6 the rate declined rapidly A 
similar age mcidence characterized what appears (Editorial, 1946) to be the 
first recorded epidemic of pohomyehtis in which ‘ an epidemic fever spread 
among all the children m the island (St Helena) about three or five years of 
age All the children who had the fever were affected with a want 
of growth m some part of their body or hmbs ’ (BeU, 1836) An age mcidence 
of the same sort was found in Malta (Seddon, Agius, Bernstein, and Tun- 
bridge, 1946) and m American towns up to 1918 (Burnet, 1940) A different 
age mcidence was present m American towns after 1930 and m the Melbourne 
epidemic of 1937-8 where there were relatively more cases m the older age 
groups (Burnet, 1940) Still more different W8is the age mcidence m the 
‘virgm soil’ epidemics m Guam m 1899, Nauru m 1910, and New Gumea 
m 1929 where children were notably spared and young adults were chiefly 
affected (International Committee, 1932) In Mauritius 64 per cent of cases 
were m children under 6 years, and 96 per cent m children under 10 years 
The relative immumty of the older age groups suggested that the outbreak 
was an epidemic of an endemic disease The age distribution also presented 
a challenge to the epidemiologist to find how infection reached the family and 
attacked the younger members who had fewest contacts outside it 

The Course of the Epidemic 

In the island as a whole The weekly incidence of cases (Table III and 
presented a slight rise in February, a marked nee in the first week of 
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or very joung children, ond followed the illness of an older child who hai 
been exposed to infection at scliool or in the village It seemed that the olde 
child had introduced the infection into the household and infected th 
younger child earlj in the incubation period Although in the other cast 


METHOD 


INCUBATION PERIOD 


ESTIMATE 



Pjo 3 In A nnd C, Day 0 the dAy of onset of the first ease, and each square shoiv 
the dft> of onset of n later cn«o 

In B, Day 0 corresponds to tlio day of infection and each line shows the lunita of th 
incubation period in a case 


a parallel infection from the same source vras possible, the true course o 
events might have been that the first case infected the second early m tb 
incubation period Such an explanation would help to account for thi 
observation (Lavindcr, Freeman, and Frost, 191S) that 80 per cent of secon 
dary cases of poliomyelitis occur within sir days of the first case The idet 
that cases may be infectious early in the mcnbation penod is supported bj 
the ‘droroedaiy’’’ t^^po of temperature curve noted in some cases of poho 
m3^elitis m Mauritius and elsewhere A fever with vague sjTnptoms lasts foi 
a day or two, then after four to seven days of apparent recovery there i^ 
a recurrence of fever and paralysis supervenes If the preparalytic fever 
IS taken as the onset and an incubation period of 10 days is assumed, the 
first nso of temperature is found to occur between one and four days after 
infection It might therefore correspond to an illness of infection Such an 
illness of infection, if not followed by further symptoms or signs of pobo- 
myebtis, would constitute the 'minor illness* of Paul and Trask (1932) 
These authors isolated the virus of pobomyehtis by monkey mooulation of 
oral washmgs from two such cases, and pomted out that they corresponded 
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In the districts (Table TV and Fig 6) During January cases occurred m 
EosehiU, Port Louis, and the Grand Port district No connexion could be 
found between these cases There was no suggestion of an epidenuc till 


WEEK OF ONSET 9^5 CASES 



Table IV 


Cases by weeLs and districts in February and March 


RosohiU 

Port Louis 

Grand Port 

Rivi6re du Rempart 

PamplomouBses 

Savnnno 

Black River 

Flncq 

Vacons 

Curepipo 

Moka 


Jan 


Week ending 

Feb 


Mar 


4 

1 

2 


3 

1 

1 


10 

2 

3 

3 

1 


17 24 

8 16 

1 1 

2 3 

— 1 

1 1 

1 1 

— 1 

— 2 

— 1 


3 

10 

27 

10 

14 

18 

12 

24 

16 

20 

36 

46 

3 

24 

1 

4 

6 

13 

6 

10 

8 

12 

4 

3 


17 24 

6 6 

24 11 

23 24 

40 10 

33 32 

21 28 

8 5 

14 16 

11 7 

18 14 

8 2 


132 192 206 162 


ToUl 


7 


2 


0 13 27 
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March, a peak in the third ^veck of March, and a rapid and symmetncal 
dcchno Tlio eymmctry suggested contact spread rather than mass infection 
by food or water The nmin wave was very abrupt, covenng just six weeks 
The Malta epidemic shovicd a similar curve (Seddon, Agios, Bomstem. and 


ATTACK RATES PER lOOO BY AGE 



Fio 4 Ago attack rotes 


Table III 


935 eases by wel of onset 


Month 

1 

o 

3 

4 

5 

Total 

Jnn 



1 

— 

C 

— 

7 

Fob 

o 

0 

13 

27 

— 

61 

Mar 

132 

192 

205 

162 

104 

795 

Apr 

41 

14 

14 

5 

— 

74 

Mtiy 

3 

— 

4 

1 

— 

8 


Tunbndgc, 1945) as did some wards m the Richmond district of New York 
(Lavindcr, Freeman, and Frost, 1918) The somewhat explosive character of 
the curve resembled that of the curve of deaths m an influenza epidemic, 
and so suggested a disease with a very short incubation penod and a high 
degree of mfectmty affecting a susceptible population Yet this description 
certainly did not apply to paralytic pohomyehtis in Mauritius or Malta 
which was a disease with an incubation period of eight to 14 days, had a low 
infeotmty, and was affecting immunized communities It might, however, 
apply to a earner epidemic of poliomyelitis 
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curres was the time required for centnfugal spread of the infection through 
the district In Pamplemousses the February cases were in children of vege- 
table sellers in the Triolet district and the child of a Chinese shopkeeper m 
another village The epidemic then spread centnfugally along the roads 



/ "'TO CuReplPE 



Fig 7 ^lap of spread in Pamplemousses and Savanne 


Some cases m outlying places m the first half of March were apparent 
exceptions to the centnfugal spread , these patients were children of famihes 
with adult males who visited Port Louis frequently In Savanne there was 
a spread to the west along the c»l de sac road dunng March In April a few 
epidemics began in isolated villages and m sugar estates where quarantine 
regMations had been disobeyed The first cases in many places were m 
c Udren of shopkeepers, lorry drivers, and others who had contacts with 
pwp e in or from other places , m Pamplemousses and Savanne there were 
15 instances of the apparent introduction of infection to a family by a healthy 
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February, when Rosohill (including Beau Bassin and Qoatre Bornes) showed 
a dcfmito nso w'lnch reached a peak in the first week of March Dunng the 
last two weeks of February one or two cases occurred in other distncts, and 
by the first week of March the epidemic was under way in most distncts 

WEEK OF ONSET BY DISTRICTS 



The distncts in which the epidemic began later had fewer commumcati^s 
^ M, 1103011111 and Port Louis Rosehill and Port Louis showed a rapid decline 
"71 ?i^e.r n Lr pLplemousses showed a plateau after the peak , Savanne 
fTflarP t; .n tL .»0=d week of March .nd then a plateau nemg 

, , S I peak .P the fourth week of March Black Ertcr had a slow 
slowly to a peaK ^ ^ Pamplemousses and 

‘be plateauk .P the ep.dem.o 
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similar curve The cases were distributed widely over the towns and here 
again a earner epidemic was the most probable explanation of the spread of 
i^ection There were a few groups of cases in which transmission by flies 
was a possibibty However, it was rarely possible to exclude contact between 
the families in the crowded back-to-back slum dwellings Indeed, the oppor- 
tunities for spread by contact were so great that the real problem was not to 

Table V 

Enieno fever aiid poltomyelxits %n Triolet 


Monthly incidence 




1944 

1^6 



Enteno fever 
Pobomyelitis 

Oct 

4 

IJov Dec 

2 10 

J an Eeh Mar 

6 4 2 

6 48 

Age distnbntion 

Apr Total 

— 27 

1 56 


0 to 4 

6 to9 

10 to U 16 to 19 

20 to 24 

26 to 29 

Enteno fever 

3 

3 

3 12 

6 

1 

Poliomyelitis 

45 

10 

— — 

— 

— 

Enteno fever 

Male 

9 

Sex distribution 

Female 

18 

Total 

27 


Pobomyebtis 

28 

27 

65 



account for the infection of the patients, but to explain the escape of a large 
number of other children m very close contact 

The mam features of the epidemic in Mauritius os a whole and m the 
districts, vUlages, and towns were best explamed on the basis of a large-scale 
earner epidemic and spread as a rule by contact 

The Method of S^md of infeeixon 

ConiQct A history of direct or indirect contact with a previous case within 
three weeks before the onset of illness was obtained m 13 per cent of 403 
cases The addition of probable cases where contact, though not admitted, 
had almost certainly occurred brought the total of cases possibly due to 
direct or indirect contact to 23 per cent This result is similar to that ob- 
tamed by Prost (1941) When possible direct and mdirect contacts were 
added that is visits of the patient or other member of the family to an 
epidemic area— the-total was raised to 50 per cent The figures for Mauritius 
might have been higher if field studies had been made at the time the cases 
occurred, and if it had been possible to include abortive cases, which appeared 
to be the mam agents of spread in Melbourne (Burnet, 1940) Casey (1942) 
obtained a history of contact, usually for some hours, m 80 per cent of cases 
m a sparsely populated distnct of Alabama The high proportion of possible 
indirect contacts in the Mauritius cases was a further indication of the 
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adult male The interval between the Orst cases m places along the hne of 
spread was often two or three days, so that the rate of spread was faster 
than would bo expected with an eight to 14-day incubation period 

In villages Tlie daily incidence of cases in Rividro dcs AnguiUcs (Fig 8) 
showed the tj'pical form of the epidemics in villages and sugar estates Cases 



Fio 8 Epidemics in Runiro dcs AnguiHcs and Tnolot 


'vvorc spread over two or tlirco weeks with a slight concentration about the 
middle of the period, but only rarely was there more than one case on one 
day. The distribution of cases was therefore like that of streptococcal 
infections and suggested a spread by transient earners One notable excep- 
tion to this epidemic pattern occurred in Tnolet in Pamplemousses where 
the epidemic was explosive (Fig 8) The explosion might have been due 
to the spread of infection by ices, which consisted of shavmgs from a block 
of ICC pressed together round a bamboo stick with a dirty rag, and they 
might have been contaminated by flies or by the hands or by droplets from 
the nose or mouth of the vendor One of the early cases in Tnolet was the 
niccc of an ice vendor and lived m the same house with him Half the 
patients at the peak of the epidemic had eaten ices In the other cases other 
methods of spread must have been involved The sanitary conditions m 
Tnolet were very bad, there was an even greater abundance of flies than 
elsewhere, and there had been an epidemic of entenc fever m the village 
Details of the entenc fever epidemic supphed by the Government Medical 
Officer showed striking differences (Table V) in the monthly incidence and m 
the age and sex distribution of cases Only one person, a girl aged 5 years, 
contracted both diseases Many factors were concerned m producing the 
differences in the epidemiological pattern of the two diseases, but the more 
rapid diffusion of the poliomyelitis virus would most easily have been accounted 
for by a widespread earner epidemic 

In towns In RosehiU and Port Louis (Fig 6) there was a fairly rapid 
rise to a peak and an equally rapid decline Curepipe (Table IV) showed a 
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respect of ntunbers, age distnbution, degree of crowding, and experience of 
cyclone damage, and no difference was found between them and families with 
a case of pohomyehtis These similarities gave added significance to the 
findmg that famihes with a case of pohomyehtis had more outside contacts 
than the population as a whole 

Food, ivater, and milk Apart from the possible spread of infection by ices 
m Triolet already described, no evidence was obtained to suggest that infec- 
tion had been spread by food Vegetables and frmt were very scarce durmg 
February and March on account of cyclone damage The distribution of 
water supphes and milk was such as to rule out a spread of infection by 
them 

Inject vectors Fhes were prevalent throughout the epidemic, but not 
conspicuously more so than in previous months Musca domestica was by far 
the commonest fiy, Stomoxys was fairly frequent m villages and sugar estates 
Apart from small groups of cases, in all of which contact infection was pos- 
sible, it did not appear that infection could have been transmitted by files 
House flies and Stomoxys were collected in the neighbourhood of cases in 
Savanne and suspensions moculated mto monkeys, but no illness resulted 
Spread by anophehne mosquitos was unlikely Culex and Aedes were found 
breeding aU over the island m March Aedes albopictus was much commoner 
than Aedes aegypii However, severe epidemics of pohomyehtis occurred in 
several villages where the spleen rates were known to be low, and poho- 
myehtis attack rates were low m other places where spleen rates were high 
Animals, poxdiry, and vermin Inquiries produced no evidence of significant 
disease m domestic animals, poultry, rats, or mice at the time of the epi- 
demic 


Attack Rates 'per 1,000 tn Certain Sections of the Populaiion 

Urban and mral attack rates Attack rates at all ages in the towns of Port 
Louis and Rosehill (moluding Quatre Bomes and Beau Bossm) were lower 
than m the districts of Pamplemousses, Savanne, and Black River (Table VIH) 
The differences at ages 0 to 4 and 5 to 9 years were 14 9 and 8 0 and were 
highly Bigmficant (D/SE = 88 and 67), but at ages over 10 the difference of 
0 09 was not significant (D/SE = 13) Thus the difference between the urban 
and rural rates was due to lower rates m the towns at aU ages The immunity 
of town dwellers was apparently acquired early m hfe Curepipe showed 
attack rates mtermediate between those in the other towns and those in the 
distncts (Table VIH) The explanation may have been partly that the 
wealthier inhabitants who had led more sheltered hves were more susceptible 
It may also be relevant that the sanitary conditions m the town were most 
unsatisfactory 

Attack rales and popxdation density (Table IX and Fig 9) Attack rates 
increased with increasing density of population m the districts of Black River, 
Savanne, and Pamplemousses where the search for cases was thorough and in 
a parallel fashion but at a lower level in Moka, Flacq, Grand Port, and 
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oxistcnco of a carrier epidemic preceding the ^\avc of eases of paralysis 
Close contact was common bctucen the adult involved as an mdirect contact 
and the patient, in that the adult slept in the same bed as the patient in 10 
of the 13 cases classed ns definite indirect contact and m 33 of the 93 cases 
classed ns possible indirect. The importance of indirect contact was shown 

Table VI 

IJislory of contact in three weeks preceding onset 
403 cases 



Number 

Per cent 

Direct contact 

DoHnito 

40 

99 

Probable 

30 

97 

Possible * 

17 

42 

Total 

00 

238 

Indirect contact 

Definite 

13 

32 

Possible* 

03 

23 0 

Total 

Too 



* Viait of pAticnt or mombor of fnmily to locabty 
whoro cases of pohornyehtis were occurring 


Pomploraoussos 

Savanno 


Pamplomousscs 

Saianno 

Port Louis (town) 


Table VTI 

Outside contacts of families 


A Adult males in 'away 
Population 

trades’ 

Per cent 

nwoy trades 




N 

Total 

Poliorayohtia 

Total 

Poliomyelitis 

10,332 

242 

15 0 

39 Oil 0 

12,298 

180 

4 3 

83i20 

B 

Children attending school 



Children at 

Children at school, percents^ 


achool 

of total population of distnct 

Total 

Pohom j clitis 

Total 

Poliomyelitis 

1,038 

94 

6 7 

I0 6±l 0 

1,935 

91 

68 

12 6±12 

8,700 

102 

16 0 

25 0 ±21 


m another way The adult males m the families with a case of pohomyehtis 
were classified into those u orking in trades at home or away — sugar-estate 
workers, gardeners and the like in home trades, and vegetable sellers, com- 
mercial travellers, lorry and bus drivers and the bke in away trades The 
results wore compared with the census figures for the occupations of adult 
males in the district The percentage of adult males m away trades 
(Table VII) was signifioantly higher in families with a case of pohomyehtis 
than in the population of the district Similarly there was a significantly 
hurher noroentage of children attendmg school m the families with a case 
than in the population of the district Control families were studied in 
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erposed to infection than the Indian or Creole children on account of the 
many extrafamihal contacts of the Chinese adults in their own shops and in 
markets m the towns The same factor was probably responsible for the high 
attack rate m the Chmese quarter of Port Louis, which was 2 7 ns compared 

attack R-ATES per- IpOO AND POPULATION DENSiTf 

A-R 

5 


4- 




1 


PERSONS PER SQUARE MILE 

Fig 9 The vertical lines show the extent of a deviation of twice the 
standard error above and below the estimated attack rate 

Table X 

Sex specific aitacL rates per IflOO on 0 to 9 age group 



Males 

Females 

Urban 

7 1 

34 

Port Louis 

66 

26 

Rosehill 

8*0 

63 

Rural 

18 4 

16 2 

Pamplemousses 

197 

19 5 

Savanne 

17 6 

13 2 

Black River 

13 0 

14 2 


with 1 G in the next highest of the 12 census blocks into which the town was 
divided, and with 1 2 for the whole town 
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Rividrc du Rempart ^\hc^o the Bearoh was less thorough This relationship 
supports the idea that spread by contact was important The rates m Port 
Louis and Plaines Wilhelms showed an inverse relationship to population 
density Apparently above a certain density the degree of immunity m 

Table VIU 

Urban and rural ailacl rales per 1,000 


Ago group — ^j'oars 


Urban 

0*10 4 

8 1 

G fo D 

32 

10 to 14 

over 15 

All 

ages 

14 

Port Louis 

G7 

34 



12 

Rosohill 

10 3 

28 

— 

— 

16 

Rural 

23^ 

11 2 

07 

01 

42 

Pamplomousses 

27 0 

10 8 



49 

Sa\ anno 

105 

11 4 

— 

0 

37 

Black Ri\or 

1G2 

10 9 

— 


32 

Curopipo 

11 G 

70 

— 

05 

26 

0- 

Xo cases 

— 

« Leas than fi\ 

0 cases 



Table IX 

Ailacl rates per 1,000 by districts xn rclaiwn to population density 


Distnct 

Attack rato 
± standard error 

Persons per 
sq milo 

Pamplcmoussos 

49-^04 

495 

Sa\ anno 

37±03 

349 

Black RiX'or 

32i06 

125 

Plaines Wilhelms 

18i:01 

1,531 

Port Louis 

1 2±0 1 

3,997 

RivnGro du Rompart 

35i03 

6S3 

Grand Port 

20i02 

403 

Flacq 

1 9±02 

442 

Moka 

I SiO^S 

267 

Mauritius 

24±01 

682 


creased and produced a lower attack rate despite the greater opportunities 
for contact spread 

Sex specific ailacl rates (Table X) Rates were calculated only {or the 
population of males and females under 10 years, since the normal proportion 
of males to females over that age had been upset by enhstment of men m 
the armed forces In rural districts there was a slightly higher rate m males 
as IS usual m poliomyehtis In towns the difference was greater, due perhaps 
in part to the greater exposure of the boys to infection and m part to their 
greater physical exertion which predisposed to the development of paralj^s 
Observations suggested that the boys differed from the girls m these respects 
more in the towns than in the country 

Race specific attacl rates (Table XI) The attack rate was higher in the 
Chinese than m the other two racial groups for which census figures were 
available, and particularly high m the 0 to 4 years age group of rural 
children ' The most probable explanation is that these children were more 
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overcrowding due to air raid damage (though it had passed the peak) and 
there had been an epidemic of enteric fever in the months before the polio- 
myelitis epidemic began In Mauritius it was found that the pohomyelitis 
patients had not had diarrhoea previously and in Malta that the poho- 
myehtis patients had not had entenc fever The mtestmal disease did not 
act by mcreasmg the susceptibihty of individuals to poliomyebtis Since it 
IB known (Ward and Sabm, 1944 , Kessel and Moore, 1946) that the poho- 
myehtis virus can be recovered from faeces in non-epidemic periods, it is 
perhaps justifiable to suggest that the intestinal disease acted by faoihtating 
the passage of the virus and that the virus then ‘ got its teeth to adapt 
a phrase used by Andrewes (1940), that is, became more invasive and more 
pathogemc In Mauritius this change appeared to occur only in the RosehiU 
district, but m Malta the simultaneous appearance of multiple foci suggested 
that the change occurred in several places at the same time 

The method oj spread of infection In Mauritius contact appeared to be the 
most important factor in the spread of infection, usmg the term to mclude 
all the possible combmations of case to earner transfer and leaving for later 
discussion the question of the relative importance of the pharynx and faeces 
as a source of virus There were instances where healthy adults appeared 
to act as earners The pattern of spread in villages suggested a spread by 
transient earners The rate of spread from village to village and the ex- 
plosive nature of the mam curve of the whole epidemic suggested a shorter 
penod between exposure and the development of mfeotmty than the eight- 
to 14-day mcubation penod found m paralytic cases The ‘dromedary’ 
temperature curve in some cases was evidence of an illness occurring between 
one and four days after effective exposure to infection Taken together 
these ideas led to the suggestion that the commonest result of infection with 
the pobomyehtis virus was the development, one to four days later, of in- 
feotivity with, or more usually without, symptoms Only a small proportion 
of the persons so infected developed paralysis eight to 14 days after 
infection On this hypothesis the spread of infection was due mamly to 
earners who became infectious for a short time a few days after exposure 
Tins resulted m a large earner wave of the influenza type, followed about 
a week later by the wave of cases of paralysis, a much smaller wave but of 
the same explosive, mfluenza-like type 

The retaiive importance of the pharynx and the tniesitne as a source of 
infection The virus of pohomyehtis has been recovered from the pharynx 
of 50 per cent of patients durmg the first week of illness (Howe, Wenner, 
Bodian, and Maxey, 1944) and from the pharynx of a patient five days before 
symptoms developed (Taylor and Amoss, 1917) It has been isolated from 
the faeces of patients 19 and 11 days before the onset of symptoms (Brown, 
Francis, and Pearson, 1946 , Pearson and Bendtorff, 1945) and for weeks or 
even months thereafter (lApine, S^daUian, and Sautter, 1939 , Horstmann, 
Ward, and Melnick, 1944) The virus has also been isolated from the naso- 
pharjmx of adult contacts (Flexner, Clark, and Fraser, 1913) and from the 
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Secondary attack rates tn families (Table XII) Persons m the same family 
as a poliomyelitis patient had a higher attack rate than the general popula- 
tion Whether the later cases are considered ns parallel pnmary oases or 
true secondary cases, the liighor rates wore evidence of the importance of 
contact in the spread of infection 

Tlio differences in attack rates on several sections of the population are 
therefore explicable in terms of an immunity in town dwellers leadmg to 

Table XI 

Itacc and age specific attack rates per 1,000 
Ago group — years 


Populntion 

/ 

0 to 4 

6 to 0 

10 to 14 

o\or 16 

All 

ages 

Ocncrnl 

Urbnn 

07 

20 



1 1 

Kurnl 

17 1 

12 2 

0 

— 

35 

Tndmn 

Urbnn 

OC 

2D 

0 


1 G 

Kural 

24 4 

104 

00 

— 

42 

Clnncpo 

Urban 

78 

70 

0 


26 

Kurnl 

38 0 

— 

0 

0 

00 

0- 

No cnscs 



- Less than five cases 



Table XII 

'Secondary' attack rates in 452 families 




Ago group — years 




— 


— 


All 


0 to 4 

6 to 9 

10 to 14 

over 16 

ages 

Exposed 

319 

384 

224 

1,192 

2,119 

Attacked 

14 

6 

0 

I 

20 

A R per 1,000 

44 0 

13 1 

00 

— 

94 

A R per 1,000 whole population 10 7 

54 

04 

0*6 

24 

loxv rates nnd 

nn jncrensed nsk of exposure leading to high rates 

This 


finding strengthens the conclusion already drawn from field studies that 
contact was an important factor in the spread of infection 

Discussion 

The origin of the epidemic Inquiries about the few persons who arrived m 
Mauritius between October 1944 and Apnl 1946 faded to produce any 
evidence that infection could have been introduced from South Africa where 
an epidemic of poliomyehtis was in progress at the tune The age mcidenoe 
in hlauntius suggested that the outbreak was an epidemic of an endemic 
disease The epidemic was at first confined to the RosehiU district It began 
immediately after the second cyclone when there was more overcrowding 
than usual and when the prevalence of intestmal diseases was increasmg 
In Malta hkewise there was at the tune of the pohomyehtis epidemic great 
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overcrowding due to air raid damage (though it had passed the peak) and 
there bad been an epidemic of entenc fever m the months before the pobo- 
myelitis epidemic began In Manntins it was found that the pobomyebtis 
patients had not had diarrhoea previously and m Malta that the pobo- 
myebtis patients bad not had entenc fever The mtestmal disease did not 
act by mcreasmg the susceptibibty of individuals to pobomyebtis Since it 
18 known (Ward and Sabin, 1944 , Kessel and Moore, 1946) that the pobo- 
myebtis virus can be recovered from faeces m non-epidemic penods, it is 
perhaps ]ustifiable to suggest that the mtestmal disease acted by facibtatmg 
the passage of the virus and that the virus then ‘ got its teeth ’, to adapt 
a phrase used by Andrewes (1940), that is, became more mvasive and more 
pathogemc In Mauritius this change appeared to occur only m the RosehiU 
distnct, but in Malta the simultaneouB appearance of multiple foci suggested 
that the change occurred m several places at the same time 

The method of spread of infection In Mauntius contact appeared to be the 
most important factor m the spread of infection, usmg the term to mclude 
all the possible combinations of case to carrier transfer and leaving for later 
discussion the question of the relative importance of the pharynx and faeces 
as a source of virns There were mstances where healthy adults appeared 
to act as earners The pattern of spread in villages suggested a spread by 
transient earners The rate of spread from village to village and the ex- 
plosive nature of the mam curve of the whole epidemic suggested a shorter 
penod between exposure and the development of mfectmty than the eight- 
to 14-day moubation penod found m paralytic cases The ‘dromedary’ 
temperature curve in some cases was evidence of an illness occurring between 
one and four days after effective exposure to infection Taken together 
these ideas led to the suggestion that the commonest result of infection with 
the poliomyelitis virus was the development, one to four days later, of in- 
fectivity with, or more usually without, symptoms Only a small proportion 
of the persons so infected developed paralysis eight to 14 days after 
infection On this hypothesis the spread of infection was due mainly to 
earners who became infectious for a short time a few days after exposure 
This resulted m a large earner wave of the influenza type, followed about 
a week later by the wave of cases of paralysis, a much smaller wave but of 
the same explosive, influenza-bke type 

The relative importance of the pharynx and the intestine as a source of 
infection The virus of pobomyebtis has been recovered from the pharynx 
of 60 xier cent of patients dunng the first week of illness (Howe, Wenner, 
Bodian, and Maxey, 1944) and from the pharynx of a patient five days before 
symptoms developed (Taylor and Amoss, 1917) It has been isolated from 
the faeces of patients 19 and 11 days before the onset of symptoms (Brown, 
Francis, and Pearson, 1946 , Pearson and Rendtorff, 1945) and for weeks or 
even months thereafter (lApine, S^dalhan, and Sautter, 1939 , Horstmann, 
Ward, and Melnick, 1944) The virus has also been isolated from the naso- 
pharynx of adult contacts (Flexner, Clark, and Fraser, 1913) and from the 
(Q K«w SctIm ^o. W) Q 
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fncccs of contnots (Francis, Krill, Toomoj , and Mack, 1942 , Pearson, Brown 
RcndtorlT, Ridenour, and Francis, 1945) The problem is to decide which w 
the more important source of virus for the transmission of infection Several 
pointf? suggest tliftt tho pharynx is important 

1 TJio infccfious period of tho disca'^c dcterinincd cpidcmiologically 
corresponds to tlic period when tho virus is found in tho pharynx (Ayeocl 
and Kcssol, 1943) 

2 In Mauritius and m other places before 1930 (Burnet, 1940) adult 
carriers appeared to pla\ an important part in tho spread of infection, 
whereas it lias been less easy to demonstrate the virus in the stools of adults 
tlinn in cluldrcn under eight years of ago (Paul, Havens, and van Rooyen, 
1944) 

3 In Jrauntius casual contact ns between children in a doctor’s waiting 
room or fietwccn adults hu} ing and soiling in the market apparently sufficed 
to tram^mit infection 

4 Tho distribution of cases in towns and villages and over the island was 
of the (lifTuso sort found in diseases where infection is spread from the mouth 
or nose 

Studies of the distribution of faecal excrcters in tho neighbonrhood of 
cases (Francis, Knll, Toomc\, and Mack, 1942) or during an epidemic 
(Pearson, Broun, Rondtorff, Ridenour, and Francis, 1946) have shown that 
they arc more frequent among intimate contacts than among casual contacts 
of cases, and still less frequent in the general population This distribution 
of tho Mrus m faeces is of tho sort expected in a disease spread by faecal 
contamination, whore cases and carriers are concentrated somewhat irregu- 
Inrly among the intimate contacts of known cases The distnbution of cases 
of paralytic poliomyelitis in Mauritius was much more diffuse, so that 
although the poor sanitary conditions offered many opportunities for spread 
from faeces it seemed necessary' to postulate a spread of infection from the 
pharyTix of cases and carriers for a short time some few days after exposure 
This does not mean that spread of poliom3’'ebtis virus from faeces does not 
occur, e\idcnco suggesting that it does so is contamed in several of the 
papers just cited ond in one b}' McAIpino (1945) It appeared, however, in 
Mauritius that spread from faeces was not the only means of spread nor 
perhaps the most important one Therefore m attempting to control the 
spread of poliomyelitis it would be wise to employ not only methods similBr 
to those used to prevent the spread of bacillary dysentery, but also methods 
designed to prevent the spread of a respuratory infection such as menuigo 
coccal meningitis 

jSwwmiary 

1 An epidemic of pobomyelitis occurred in Mauntius in February, March, 
and April 1946 There were at least 1,018 cases and the attack rate was 
2’4 per 1,000 of population The case mortality was about 6 per cent 

2 The incubation period was the usual eight to 14 days There were only 
23 families with more than one case The attack rate in the first year of 
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life was low, at ages one to five years it was about 12 per 1,000, from six to 
nme years it declmed rapidly, and remamed low at older ages 

3 The epidemic began m one urban district and spread rapidly all over 
the island The curve of the epidemic had a symmetrical and somewhat 
explosive character A centrifugal spread was observed along the roads of 
two rural distncts and healthy adult males appeared to act as earners of the 
infection 

4 The results of field studies and comparisons of attack rates m various 
sections of the population indicated that the chief factor m the spread of 
infection was human contact 

6 The epidemic began soon after a cyclone had caused much damage aU 
over the island and at a time when intestmal diseases were mcreasmg in 
prevalence It is suggested that the endemic pohomyelitis virus underwent 
a modification and became more pathogemc and more invasive 

6 The rapidity of the spread of mfection and the character of epidemic 
curves for the whole epidemic and for mdividual towns and villages suggested 
a spread by transient comers who became infectious a few days after 
exposure A widespread earner epidemic apparently spread rapidly among 
adults and children and was followed about a week later by a much smaller 
epidemic of cases of pohomyelitis 

7. It was probable that the presence of the virus m the pharynx of 
patients and earners was at least as important for the spread of infection as 
was its presence m faeces 

This paper is based on a report made by us to the Secretary of State for 
the Colonies One of us (A M McF ) was seconded to the mvestigation from 
the Emergency Pubhc Health Laboratory Service (directed by the Medical 
Research Council) and received a grant from the Colomal Office Another 
(G W A D ) was seconded from the Medical Services, East Africa Command 
For these arrangements we wish to thank Sir Edward MeUanby and Bngadier 
H S Cormaok respectively It is a pleasure to record our mdebtedness to 
the many people in Mauntius who helped m this work, in particular to the 
Government Medical Officer for Pamplemousaes and the Sanitary Inspectors 
m Savanne , also to the Director of the Medical and Health Department, 
the Registrar General, the Census Officer, and the Director of the Royal 
Albert Observatory who provided us with statistics The Officer Commanding 
Troops and Station Medical Officer, Mauntius, generously supphed us with 
competent clerks and mterpreters and placed an Army car at our disposal 
We were also helped by the Quartermaster of the Station Hospital and the 
Officers Commanding the Malaria and Field Hygiene Sections Perhaps our 
greatest debt is to the V A D s without whose mtimate knowledge of the 
island and its peoples the detailed fieldwork would have been impossible 
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THE OCULAR MANIFESTATIONS OF TUBEROSE 

SCLEROSIS' 

By G S HALL 

(From the Birmingham United Hospital) 

With Plates 16 to 20 
Iniroduciion 

WiTHTK recent years an increasing hterature has reflected the interest 
which tuberose sclerosis contmues to receive, and it is now established that 
neither adenoma sebaceum, fits, nor mental deficiency are essential features 
of the disorder Of particular interest and importance to the physician and 
ophthalmic surgeon are the ocular manifestations which occur, for it is 
sometimes on the presence of these alone that the recognition of fonnes 
fruste^ depends Best known of these ocular manifestations are the retmal/ 
nodules (later named phakomata), and smce van der Hoeve first described 
them in 1920 accounts of their ophthalmoscopic appearance have continued 
to be recorded Nevertheless, personal experience has shown that these 
lesions are still not as widely known as their importance demands, and this 
view receives some support from the smallness of the English literature con- 
cerning them (van der Hoeve, 1920, 19236, 1932, 1940 , Cntchley and Earl, 
1932 , Bram and Greenfield, 1937 , Wilson, 1940 , Duke-Elder, 1940 , Hall, 
1940 , Martin and Savin, 1941) It is difficult to assess their frequency, but 
Wilson’s (1940) statement that by comparison with the skin lesions the 
retmal ones are much more rare is probably correct Van der Hoeve (1920) 
found them in both fundi of six patients snffermg from the disorder, and the 
present writer has observed them in six (bilateral in three) out of 20 patients 
It 18 to be remembered that a satisfactory ophthalmoscopic examination 
may be impossible in this condition without the aid of a general anaesthetic, 
and the lesions may well occur more frequently than is realized 

Chnically there are two types of retinal nodules and these occasionally 
coexist The more frequent type is the generally small but occasionally 
quite large, oval or circular, greyish-white, grey-green, white, or faintly 
yellow nodule, fiat or shghtly raised from the surface, smgle or multiple, 
and occurring in any part of the retma There is also the large nodular 
type which has a preddection for the region of the optic disk, projects 
forwards into the vitreous, and is not infrequently cystic Van der Hoeve 
(1921) observed with the ophthalmoscope cystic degeneration of such a lesion 

^ Beccived January 26, 19i6 
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Contact uttit Cases 

Direct x\ith enso nnmo Ko date 

Public plncos Visited 

Absences from homo dnto place 

Cases in place Msitcfl 

Indirect contact 

Nearest previous case 

Nearest subsequent case 


19 
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„ )>oilod chlorinated 
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„ boiled Pasteunzwl source 

Dlscwhcro than at Homo ^ „ 

Meals Meat* Fish* Fruit* Vegetables* Other* 

A M 

^llDDAi 
T M 

SouncE 

* (State whether raw or cooked ) 


Tj’po of house Roof 

Cyclone damage January 

Number of rooms Light 

Sewage disposal 
Yard 

General sanitary conditions 
Distance from nearest stable 

Animals on promises Horses 
Sheep 
Rats 

Sickness of animals 

Insects pro\ alcnt Flics 

Cockroaches 


Entihomient 

Walls Floor 

February April 

Space Ventilation 

Garbage disposal 
Condition 

byre hen run 


Cows 

Pigs 

Goats 

Dogs 

Cats 

Poultry 

Mice 



Mosquitoes 

Aedes 

Fleas 

Bed bugs 

Ticks 
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one-third of the cases of dmsen of neurological abnormalities consistent with 
those encountered in tuberose sclerosis, and the congenital heredo-fanoilial 
tendencies of both conditions and their association with renal disorders and 
oongenital anomahes 

Pigmentary changes in the retina may be present (Homiker and Salom, 
1932, Salom, 1932) consisting of yellowish-red or blurred pigmented spots, 
olearly demarcated naevoid spots and naevi, and changes resembbng, if not 
identical with, those of retinitis pigmentosa In only one personally observed 
<;ase were gross pigmentary changes present The patient, a man aged 43 years, 
had well-marked symptoms and signs of the disorder In the left eye there 
were extensive pigmentary changes overlying an ill-defined mass of whitish 
lesions adjacent to the upper part of the disk, while m the temporal peri- 
phery of the retina there were several c[uite large whitish cystic lesions, 
some nodular and all of them intimately associated with profound pigmen- 
tary changes (Plate 16, Fig 1) 

Papilloedema, probably always secondary to intracranial hypertension 
resulting from a paraventricular ghomatous tumour, has been recorded by 
Schuster (1914), Cntchley and Earl (1932), GuiUam and Lagrange (1934), 
Walsh, Koch, and Brunstmg (1§38), Koch and Walsh (1939), HaU (1940), 
Moolten (1942), and Krug (1944) 

Pallor of the optic disks sometimes occurs (van der Hoeve, 1921), either 
from consecutive atrophy followmg papilloedema (Seidel, 1938, Koch and 
Walsh, 1939 , Hall, 1940) or from a tumour nodule developing at the nerve 
head (Ross and Dickerson, 1943) , occasionally the pale and waxy appearance 
of the disk resembles colloid degeneration (Sachs and Shaskan, 1944) 

Cataract may be a feature Yakovlev and Guthne (1931), Stewart and 
Bauer (1932), and Ford (1937) aU refer to its occurrence in tuberose sclerosis, 
hut an extensive search of the hterature has failed to find any case record 
descnbmg its presence, though a case recorded by Homiker and Salom 
(1932) developed a cataract after attempted X-ray treatment of adenoma 
sebaceum Ross and Dickerson (1943) gave details of a patient with a 
posterior polar cataract in one eye, but made no further reference to it m 
their histological report Grinker (1932) stated that deposits of growth had 
been found in the lens, a finding confirmed by Hall (1940) who has described 
the presence in the upper part of a lens of a lobulated opacity which histo- 
logical examination proved to be a small centrally placed nodule of growth 

Conjunctival lesions occur (Luo, 1940) consistmg of small, greyish- white, 
slightly elevated, and pedunculated nodules, symmetrically placed on the 
conjunctivae of the lower lids Histologically there is proliferation of colla- 
genous fibrous tissue with an absence of elastic fibres Luo regarded the 
lesions as analogous to the fibromata of the skin and the fibromatous prob- 
ferations which sometimes exist on the buccal mucosa and the hard palate 
in this disorder 

Phthisis bulbi may develop (Luo, 1940), the cornea becoming opaque, 
flat, and almost entirely replaced by scar tissue, the sclera thickened and 
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with locnl haomorrhago thorofrom and rupture into the vitreous, apparently 
resulting m the development of further lesions elsewhere m the retina— 
^ a von table picture of mtra-ociilar metastasis ’ {van der Hoove, 1932) These 
lesions appear to bo relatively avascular and usually are not associated with 
any alteration in tlio neighbouring blood-vessels Occasionally, however, 
vascular changes arc present Thus van dor Hoove (1920, 1921) recorded 
nodules in assoomtion with multiple anenrj sms of a retinal artery, Gottlieb and 
Lavmo (1925) numerous capillaries interwoven into a fine mesh which dipped 
into the tumour substance, Homikor and Salom (1932) haemorrhages (retinal 
and Vitreous) with perivascular changes, and Hall (1040) an aneuiysraal 
swelling on an artery adjacent to a nodule, and in another cose, perivascular 
changes with an associated vascular nnovoid appearance, similar pen- 
vascular changes have also been described Bau-Prussakowa (1933), ilartin 
and Savin (1941), and Ro*^s and Dickerson (J043) Loewenstem and Steel 
(1941) described an ophtlmlmoscopio appearance of exudative retinitis, reti 
nitis prolifcrans with ncu vassel formation, and angiomatous retinal nodules 
in association with a diffuse, grey-green, subretinal mass, whilst m the 
enucleated eye of their patient, retinal detachment and disintegration, httle 
knob-shaped retinal tumours, angiomatous retinal masses composed of thin 
walled vessels, an angioma of the choroid, and a pyramidal tumour of the 
disk were observed An appearance resembling retinitis proliferans was 
also noted by Bau-Prussnkown (1933), whilst the occurrence of choroiditis 
(Schuster, 1014), retinal colobomas (Rintclen, 1930), chono-retinitis, a marked 
increase of retinal pigment unaccompanied by any other ocular changes, and 
rctinoconus (Ross and Dickerson, 1943) are also on record 

Reese (1940) has drawn attention to the similarit}^ between the ophthal- 
moscopic appearance of the large, ghttenng, white, mulberry-like nodule 
growing from the optic disk in tuberose sclerosis and that seen in the 
condition known as drusen or hyaline bodies of the optic nerve He points 
out that though drusen occur mostly in otherwise healthy people, in quite a 
number of instances they are associated with some neurological abnormality, 
the commonest being visual field changes unexplainable on the basis of the 
drusen, optic atrophy out of proportion to the lesion of the nerve, convulsions, 
psychoses, disturbance of gait and speech, hydrocephalus, and papilloedema 
Of further interest is the occasional association of drusen with renal mvolve- 
ment (‘ Jadnoy trouble ‘ Bright’s disease ‘ uraemia ’), cardiac lesions (twice 
reported), and various congenital anomalies of the eye, such as cataract, 
retinal coloboma, subluxation of the lens, an abnormal retinal vein, a per- 
Bifitent hyaloid artery, and rotmitis pigmentosa Reese (1940) concluded, 
therefore, that drusen of the optic nerve are a feature of tuberose sclerosis, 
and that they may appear as part of the fully developed disease, but more 
frequently are seen m its incomplete forms He based his opinion on the 
similarity of the pathological process m the two conditions, the oocurrenoe 
in tuberose sclerosis of lesions in the optic nerve having the identical 
clinical appearance of so-called drusen of the optic nerve, the occurrence m 
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one-third of the cases of drusen of neurological abnormahties consistent with 
those encountered m tuberose sclerosis, and the congenital heredo-fanulial 
tendencies of both conditions and their association with renal disorders and 
congenital anomalies 

Pigmentary changes in the retina may be present (Horniker and Salom, 
1932, Salom, 1932) consisting of yellowish-red or blurred pigmented spots, 
clearly demarcated naevoid spots and naevi, and changes resembhng, if not 
identical with, those of retinitis pigmentosa In only one personally observed 
case were gross pigmentary changes present The patient, a man aged 43 years, 
had well-marked symptoms and signs of the disorder In the left eye there 
were extensive pigmentary changes overlying an ill-defined mass of whitish 
lesions adjacent to the upper part of the disk, while in the temporal pen- 
phery of the retina there were several quite large whitish cystic lesions, 
some nodular and all of them mtimately associated with profound pigmen- 
tary changes {Plate 16, Fig 1) 

PapiUoedema, probably always secondary to intracranial hypertension 
resulting from a paraventricular ghomatous tumour, has been recorded by 
Schuster (1914), Cntchley and Earl (1932), Gmllain and Lagrange (1934), 
Walsh, Koch, and Brnnstmg (1938), Kooh and Walsh (1939), Hall (1940), 
Moolten (1942), and Elrug (1944) 

Pallor of the optic disks sometimes occurs (van der Hoeve, 1921), either 
from consecutive atrophy foUowmg papilloedema (Seidel, 1938 , Koch and 
Walsh, 1939 , Hall, 1940) or from a tumour nodule developing at the nerve 
head (Ross and Dickerson, 1943) , occasionally the pale and waxy appearance 
of the disk resembles colloid degeneration (Sachs and Shaskan, 1944) 

Cataract may be a feature Yakovlev and Guthrie (1931), Stewart and 
Bauer (1932), and Ford (1937) all refer to its occurrence m tuberose sclerosis, 
but an extensive search of the hterature has failed to find any case record 
describing its presence, though a cose recorded by Homiker and Salom 
(1932) developed a cataract after attempted X-ray treatment of adenoma 
sebaceum Ross and Dickerson (1943) gave details of a patient with a 
posterior polar cataract m one eye, but made no further reference to it in 
their histological report G tinker (1932) stated that deposits of growth had 
been found in the lens, a finding confirmed by Hall (1940) who has described 
the presence m the upper part of a lens of a lobulated opacity which histo- 
logical exammation proved to be a small centrally placed nodule of growth 

Conjunctival lesions occur (Luo, 1940) consisting of small, gre3ash- white, 
slightly elevated, and pedunculated nodules, symmetrically placed on the 
conjunctivae of the lower bds Histologically there is proliferation of colla- 
genous fibrous tissue with an absence of elastic fibres Luo regarded the 
lesions as analogous to the fibromata of the skm and the fibromatous proli- 
ferations which sometimes exist on the buccal mucosa and the hard palate 
in this disorder 

Phthisis bulbi may develop (Luo, 1940), the cornea becoming opaque, 
fiat, and almost entirely replaced by scar tissue, the sclera thickened and 
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shnvelled, the ms extremely atrophic, the choroid ossified, the retina de- 
tached and atrophic, and the lens replaced by a bony mass Fmally, signs 
of malignant degeneration snob as the development of mtra-ocular meta- 
stases (van der Hoeve, 1923 a, b, 1932) or a psendo-ghomatous appearance 
(Loewenstem and Steel, 1941) may also occur and necessitate enucleation of 
the eyeball 

Despite the variety of ocular lesions, visual symptoms are unusual, the 
lesions being for the most part asymptomatic Sometimes, however, pro- 
gressive visual failure is the presenting symptom and. is due either to the 
development of optic atrophy secondary to papilloedema (Koch and Walsh, 
1939, GuiUain and Lagrange, 1934), to optic atrophy associated with 
a tumour growing at the nerve head (Messmger and Clarke, 1937 , Ross 
and Dickerson, 1943 , Sachs and Shaskan, 1944), to the development of 
a phakoma in the region of the macula (Gifiord, 1940), or to a combination 
of these causes (Seidel, 193^) As already mdicated, retinal detachment, 
opacities of the media, and progressive dismtegration of an eyeball may also 
cause loss of vision of the affected eye, whilst blindness for no apparent 
cause has also been reported (Ross and Dickerson, 1943) 

Histological exammation of retinal or disk lesions has been recorded by 
van der Hoeve, 1923a, 1932), Schob (1925), Fenz (1930), Homiker and 
Salom (1932), Kuchenmeister (1934), Fleischer (1936), Messmger and Clarke 
(1937), Tarlau and McGrath (1940), Hirose and Nagae (1940), Loewenstem 
and Steel (1941), 2rbmden (1942), and Ross and Dickerson (1943) Their 
chief findings are summarized in Table I, from which it will be seen that 
whilst mdividual variations occur, the lesions described share many features 
in common A further account of their structure, based on the examination 
of the eyes of a patient in whom tuberose sclerosis was associated with 
melorheostosis (Hall, 1940, 1943), is now presented and is of mterest because 
of the association of retinal and disk lesions with an angiomatous appearance 
of one choroid and a heterotopous formation m a lens 


Cast Report 

Htatory The patient, a boy aged 17 years at the time of death, had been 
under personal observation for 4^ years on account of fits and raised intra- 
cranial pressure due to tuberose sclerosis The case has been reported m 
detail in a previous paper (Hall, 1940) There was no ocular complaint 
until withm a few months of death, when rapid deterioration of vision 
occurred and he became unable to see to read Death was due to intra- 
cranial hypertension resulting from a large paraventricular gbomatous 
tumour associated with widespread cerebral deposits of tuberose sclerosis , 
the degree of internal hydrocephalus present at autopsy was extreme 

Ophthalmoscopic ea^mxnaiion (Plate 16, Fig 2, Plate 17, Fig 3) 

30 3 3G Considerable chronic bilateral papilloedema , no haemorrhages 
present There is a small, ill-defined, greyish, non-pulsatile swelling attached 
to the upper nasal margin of the right optic disk The left fundus is some- 
what obscured by a vertical lobulated opacity withm the upper part of the lens 
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121 10 37 Intenae bilateral papilloedoma Approaching the extreme tem- 
poral penpliory of the loft fundua there are two sharply defined whitish- 
ycllovi spots while a larger one is present in the periphery of the lower nasal 
field In addition, there are two larger ill-dofined circular lesions and what 
seem to bo numerous vascular naevoid areas at the most extreme temporal 
periphery, whore some of the blood-vessels acquire a whitish streaky outline 


Table II 


Lonft 

Co men 
Scler/i 

Ins nnd cili- 
ary body 
Choroid 


Rotinn 


Optic non 0 


Htslologica} findings of 'present case 


Right c\o 

^ Peripliorat dogonornfion 

* Dc*iqunmntion of opzthoimm 

Kormnl 

Oodomntous 


Loft oye 

* Peripheral dogonoration Small no- 
<luJflr moss in contro of Jens 

* Desquamation of epithebura 
Normai 

Oedomatous 


Generalized \nsouJnr thicJtoning 
nnd flbrosn 

Mnss of nouroghnl o\orgrowtli At 
nor\o iicad Oedema of nerve 
fibre layer ‘Absence’ of norv'c 
coll layer 

• fAiitoIy'sis of rods and cones 


Gross Atrophy nnd Kwolling — 
T oedema duo to growth nt 
none head 


Genoraljzod vascular thickening and 
fibrosis Angiomatous condition 
also present 

Kcuroghnl masses present away from 
nerve head, originating m nerve 
fibre lay er nnd causing disruption 
of nuclear layers beneath Oedema 
of norv^o fibre Jayor , ? few cells seen 
in none coll layer 
* ? Autolysia of rods and cones 
Gross atrophy 


♦ It IS snggosted that this appearance maybe the result of the post-mortem changes 
which are present 


The appearance of the swelling attached to the upper nasal margin of the 
nght disk IS unchanged 

10 G 38 TIio optic disks are beginning to show evidence of atrophy 
7 3 39 The papilloedoma has subsided, the optic atrophy is more apparent, 
and the patient almost blind 


Post-mortcin appearances 

Rxglii eye The optic nerve immediately behind the globe is a httle swollen 
nnd firmer to feel than its fellow This increase in size of the nerve extends 
up to nnd involves the papilla, attached to one side of which is a small 
whitish nodule which projects forwards into the vitrous 

Left eye Scattered about the retina there are several small discrete 
whitisli-grey nodules, the largest being up to 3 mm m diameter , the 
intervening retina seems healthy 

Microscopical exaimnatxon (Stains used haematosyhn and eosm, haema- 
towlm and van Gieson, Mallory% Weigert-Pal, Mai*ohi ) A summary of the 
histological findings is given in Table II from which it will be seen that the 
chief abnormalities are 

Pvight ey^'e — a tumour nodule attached to the optic papilla 

L,e{t eye several scattered lesions in the retina and one in the lens 

Both eyes — choroidal vascular changes and gross atrophy of the optic 


nerves 

Retinal lesions All are s 
which the smaller ones are 


uperfioial and arise from the nerve fibre layer, to 
confined (Plate 17, Fig 4) The larger ones are 
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clearly visible to the naked eye, but the smallest arc microscopical in size 
The larger ones m places disrupt the inner nuclear layer and in some sections 
infnnge upon the outer nuclear layer, but nowhere is this penetrated though 
it may be indented (Plate 17, Fig 6) In section the lesions consist of 
relatively avascular shallow elhptical nodules of tissue composed for the 
most part of loosely connected cells and fibres whose outlines are often 
indistinct, giving the general appearance of a reticulated syncytium rich in 
nuclei of varying size and shape (Plate 18, Fig 6) Nowhere is there any 
haemorrhage or calcification, and in only one place, in the centre of a nodule, 
are any l3Tnphocytes to be seen, and here they are distributed around a small 
blood-vessel As a rule the lesions are fairly sharply oircumscnbed and the 
intervening retina relatively unaffected In places, however, the distinction 
between the two is much less abrupt and for some considerable distance 
away from the lesion the nerve fibre layer contmues to show, though to 
a very much less extent, the structural changes of the nodules themselves 
(Plate 18, Fig 7) Occasionally the fenestrated appearance of the nodule 
IS accentuated at its periphery, where the many hoUow spaces present m 
between the strands of tissue coalesce to form what seem to be quite large 
empty multiloculated cysts (Plate 18, Fig 8), but nowhere are these in com- 
munication with the vitreous The arrangement of cells and fibres is most 
compact at the surface of the larger nodules which are markedly crenated, 
m sharp contrast to the small ones whose surface is smooth Moreover, the 
larger ones are capped by a dense feltwork of closely packed ceUs and fibres 
which are often arranged in whorls or brushes (Plate 19, Fig 9) Occasionally 
a similar but much less compact arrangement of cells and fibres exists at the 
base of a lesion where elongated cell processes in the form of fine fibres are 
clearly visible (Plate 18, Fig 8) In some sections the internal limiting 
membrane is mtact over the surface of the nodule, but in others it seems to 
stop short at the periphery of the lesion Cells vary as markedly in size as 
m shape , the only constant feature is their mdistinctness of outhne Cells 
large and small, oval, round, tnangular and elongated exist side by side in 
an irregular manner Their protoplasm is clear and at times faintly vacuo- 
lated Nuclei vary as much in size, shape, and position as cells, a few of 
which are multmucleated, contaimng up to three nuclei For the most part 
nuclei stain well, and nucleoli and chromatm tissue are clearly visible 
Only an occasional blood-vessel is present In otherwise unaffected parts of 
the retina the nerve fibre layer is oedematous, and everywhere there is an 
almost total absence of tbe nerve cell layer and widespread dismtegration 
(? autolytic) of the rods and cones 

TumoKr nodtile of optic disk In section this consists of a small flask-shaped 
nodule of tissue arising from one side of the optic papilla (Plate 1 9, Fig 10) 
Ite surface is smooth It extends laterally for a short distance to terminate 
abruptly in the nerve fibre layer of the retina, of which it represents 
a nodular thickening Its slightly obhque position results in the retina 
being lifted off the choroid for a short distance and folded upon itself 
immediately before the two layers make contact (Plate 19, Fig 11) At its 
base there is a fairly dense basket-work arrangement of cells and fibres 
which for a short distance infiltrate the papilla, to which the nodule is 
thereby firmly anchored Elsewhere the structure of the nodule closely 
resembles that of the smaller retinal lesions, but it is noticeably more cellular 
and its meshes are finer (Plate 20, Fig 12) There is, however, tho same 
irregular arrangement of cells and fibres, though m general these are directed 
longitudmally save on the upper surface of the nodule where they tend to 
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he vertically The Ramc tondcnc}^ to form a S3mcytiTim oxmts as m the 
retinal noclulc*^ Calcification, haemorrhage, and tissue reaction ere again 
absent, there is no evidence of cyst formation, and only a very occasional 
blood-A csscl IS to bo seen Advanced post-nouritio atrophy is present in both 
opfio nerves, the right of which is a httlc swollen and oedematous as a result 
of the lesion nt the nerve lioad 

Choroidal chanqcs There m generalized vascular thickening and fibrosis 
present tliroughout the choroid of both eyes, but in the left eye the choroidal 
veins arc ovtroinclv dilated and tortuous, the varicose appearance resembling 
that of a diffuse angiomatosis 

Noifidc MX Inis In section this is seen as a small centrally placed and 
sharply circuni^^cribcd lobulntcd mass in the anterior fibres of the lens 
(Plate 20, Fig 13) No definite structure can bo determined, but what seem 
to be the blurred outlines of disintegrated cells and their nuclei are visible 
in a soincnhat granular and deeply staining but otherwise almost structure 
less niatnv w Inch in places shows faint traces of calcification It is interesting 
to note tJmf not infrequcntlj^ the shrunken cells, a few of which are to be 
found in between the fibres of the lens at a distance away from the mam 
niasN of the nodule, he m what seem to be tiny c^st-like spaces which are 
«ibarph defined from the neighbouring tissue 


Discussion 

This case therefore illustrates in a characteristic manner a number of the 
ocular manifestations of the disorder The nodule of tissue in the lens is of 
interest and represents the typo of heterotopous formation which occurs m 
tuberose sclerosis Its presence confirms Grmkcr’s (1932) statement that 
such deposits in the lens do occur in this disorder, but there seems no reason 
to regard such lesions as a sign of malignancy as van der Hoeve is reported 
bv Gnnkcr to have done The disk and retinal lesions, particularly the 
larger retinal ones, in their general appearance and their tendency to have 
a compact surface layer of cells, separated by a cystic and almost reticular 
zone from a less compact layer beneath, are almost identical with those 
described by Schob (1926) and Zbmdcn (1942) and very similar to those 
recorded by van der Hoeve (1923 a) and Fenz (1930), while the cystic retinal 
changes at a distance from the nodules correspond closely to those noted by 
Hornikcr and »Salom (1932). As indicated in the summary of the chief 
histological findings m these lesions (Table I), it is the general opimon that 
the tissue of w hich the nodules is composed is glial in nature and with the 
aid of special staining methods the presence of intracellular glial fibres has 
been demonstrated (Schob, 1926 , Greenfield, m Messmger and Qarke’s case, 
1937) In addition, Tarlau and McGrath (1940) in the disk lesion which 
they examined noted the presence of typical astroblastic ghal cells with 
sucker processes attached to the walls of adjacent capillaries In his original 
description of the structure of these lesions, van der Hoeve (1923a) stressed 
the presence of certain large cells which he called glioneurooytea because he 
V^ltoved that they were descended from the first anlage of the retina, but 
had not yet differentiated into either ghal or ganghon cells Mann, too, from 
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her examination of Messmger and Clarke’s eectione (Messmger and Clarke, 
1937) concluded that glial cells of a primitive type were present She postu- 
lated their descent from the first stage (fourth to fifth week) of retmal 
differentiation, when the cells destmed to form the supporting structures of 
the retina are m process of separating from the primitive neuro-epithelium, 
and gave her opinion that this differentiation into the specialized gha of the 
retina had already begun, but had not proceeded very far 

Astroblasts have not been seen nor was it possible in the oiroumstanoes 
which obtained when the eyes were sectioned, to employ special staining 
methods m the case here recorded, but from the appearance of the lesions 
they seem in every way identical with those examined and recorded by 
others It would, indeed, appear that these lesions represent foci of glial 
overgrowth, being composed almost entirely of glial cells and fibres of 
a primitive kmd It may be noted that the whorl-like arrangement of cells 
and the brush-hke areas of glicsis observed in these lesions match exactly 
the appearance of the cerebral nodules descnbed by Globus (1932), and it 
will be remembered that these too at times undergo cystic degeneration 
(Cntchley and Earl, 1932) , furthermore, the large cells rich m cytoplasm 
with fine ghal processes ansing from their bodies are found alike in the 
retinal as m the cerebral nodules (Grmker, 1932) Gnnker was of opinion 
that these retmal lesions are probably true astroblastic neoplasms of low 
growth possibilities, but added that as yet enough have not been reported 
for one to be sure of their classification Messmger and Clarke (1937), how- 
ever, concluded that the lesions are hamartomas rather than true tumours 
It seems possible to combme these views m the assumption that essentially 
the lesions are of the nature of hamartomas, but that occasionally they 
assume the characteristics of a neoplasm of low growth potentiality Such 
an assumption seems to reflect the view held by van der Hoeve (19236) that 
^ All the tumours which we find m tuberose sclerosis of the brain m different 
organs are kmds of congenital aberrations They may be present m the 
newborn child or appear later They can be very small and can enlarge to 
tumefactions, even to real blostomata, which can turn to mahgnanoy ’ In 
this respect the retmal nodules may be compared with the small sub- 
ependymal cerebral nodules which also very occasionally become neoplastic 
and develop mto the large paraventricular ghomatous tumours to which 
reference has already been made It may be recalled too that twice (van 
der Hoeve, 1920, 1923a, Loewenstem and Steel, 1941) there was sufficient 
climcal evidence of malignancy in the affected eye to justify enucleation, 
that Feriz (1930) also has drawn attention to the occasional development of 
malignancy m these lesions, that the disk tumour descnbed by Tarlau and 
McGrath (1940) is known to have developed dunng adult Me, and that the 
subsequent development of many retmal nodules m an eye in which 16 years 
previously there had been visible only one such lesion is also on record (van 
der Hoeve, 1938) 

The generalized vascular thickening and fibrosis of the choroid and the 
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angiomntoufi appearance of the choroid of the left eye recall the hypertrophy 
and hyalinizntion (Globus, 1932) and the dilatations of the blood-vessels 
sometimes attaining sinusoidal proportions (Cntohley and Earl, 1932) which 
may also bo present in the cerebral lesions of this disorder The presence of 
vascular involvement in the retinal nodules is stressed by Homiker and 
Salom (1932) who described very dilated vessels, extensive penvascular 
changes, and a noli capiUnrj^ supply to the nodules , these changes they 
considered to indicate a pnmar} disturbance of the mesoderm The presence 
of a small, sharply circumscribed angioma of the choroid was described by 
Loewenstem and Steel (J941) and their case is all the more remarkable in 
that in the other eye too there w'cro present extensive retinal changes of an 
angiomatous nature As these authors indicated, the presence of such 
vascular changes in tuberose sclerosis is supporting evidence for the view 
developed by van dor Hoeve in his numerous papers that this disorder and 
the angiomatoses (the von Hippcl*-Lindau and the Sturge-Weber syndromes) 
ha\o much in common \nth each other, and belong, with neurofibromatosis, 
to one and the same group of disorders, the so-called phakomatoses From 
time to time other instances of this group, showing to a varying degree 
features common to other members of the group and to other congenital 
developmental defects, have been recorded, for example, the accepted re- 
lationship of tuberose sclerosis with neurofibromatosis, the association of 
a facial and meningeal vascular naevus with adenoma sebaceum (Greig, 
1022), of an extensive vascular naevus of the skin with a true blood-vessel 
tumour of the brain (Hall, 1934) and with a cerebral (meningeal) haemangi- 
oma (Weber, 1920), of a neurofibromatous retinal nodule that histologically 
resembled the appearance found in both tuberose sclerosis and the von 
Hippel-Lindau syndrome (van der Hoeve, 1932, 1938), and of a diffuse 
angiomatous condition of the skin and subcutaneous tissue of a hmb m 
a patient suffenng from tuberose sclerosis (Boss and Dickerson, 1943) 
But the extensive vascular changes and the clinical details described by 
Locwcnstein and Steel are such — and here the present writer is at vanance 
with these authors — that the view may be expressed that in their patient 
the primary disturbance is equally, if not predominantly, mesoblastio as ecto- 
dermal , in other words, it may be suggested that m their patient the 
disorder is more of the angiomatous than the sclerotic type Such a view 
would account for the absence of adenoma sebaceum in their patient, the 
presence of the intracranial calcification of the Sturge-Weber type, and the 
unusually pronounced retinal and choroidal vascular changes of the type 
which occurs m the angiomatoses , clinically and pathologically, m the pre- 
sent writer’s opinion, their patient corresponds more to the angiomatous 
than to the tuberose sclerosis type of disorder In this connexion it may be 
recalled that xetmal ghal prohferations, very similar to those found in 
tuberose sclerosis, have m fact been observed m association with capillary 
anmomata of the papilla and retma (van der Hoeve, 1932) 

infiltrative radiological changes m the Jungs of Loewenstem and Steel b 
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(1941) patient are of particular interest and may be of considerable impor- 
tance, m view of the lung changes that have been recorded in tuberose 
sclerosis (Berg and Vejlens, 1939 , Vejlens, 1941 , Berg and Zachrisson, 1941 , 
Rosendal, 1942, Licht, 1942, Samuelson, 1942, Ackermann, 1944) 

Surnmary 

1 The ocular manifestations of tuberose sclerosis are reviewed 

2 An account is given of the investigation of the eyes of a patient in 
whom tuberose sclerosis was associated with melorheostosis 
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Dott for introducmg me to the Edmburgh Medical Libraries, to the librarians 
of these institutions for penmttmg me to consult the volumes under tfieir 
charge, to Dr T P C Spence and Dr Edith Chalmers, of the Royal Scottish 
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nodules descnbed m the text The photographs are the work of Mr W J 
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Fia 1 Photograph of ophthalmoscopic painting of retmal and disk lesions 
associated with profound pigmentary changes described m text the retmal 
lesions are situate at a much greater distance away from the disk than is repre 
sented m the picture 



Fig 2 Photograph of pamtinp of right fundus — to show 
tumour noduio attached to optic disk 



Fia 5 Larger rotinal nodule ( x 33) A more detailed \now of the 
multiloculated c\st (maidced with an arrow) at the penpherj of the 
lemon will bo found m fig 8 






Fig 6 Typical structure of retinal nodule (X HO) 



Fig 7 State of retina at some considerable distance away from obvious 
retinal nodule (x 2001 



Fio 8 ^lultiloculatcd situate nt oxtremo penphcry of larger retinal 
nodulo The brush like arrangement of elongated cell processes is clcarK 
visible (X 170) 






Fig 13 Heterotopous formation m lens ( X 170) 



Fig 14 Pickworth preparation, showing relative 
avasculanty of retmol nodule 
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THE ESTIMATION OF PROSTATIC PHOSPHATASE IN 
SERUM AND ITS USE IN THE DIAGNOSIS OF 
PROSTATIC CARCINOMA^ 

By FREDA K HERBERT 

(From the Pathological Department of the Medical School, Kang’s College, 
and the Royal Victoria Infirmary, Newcastle-upon-Tyne) 

Introduction 

The human prostate gland contama a large amount of a phosphatase 
havmg its optimum activity in acid solution This enzyme was discovered 
by Kutscher and Wolbergs (1936) and shown by Kutscher and Womer (1936) 
to have an optimum range of activity from pH 4 0 to 6 4 when phenyl 
phosphate was used as substrate It is not found m the prostate before 
puberty, and in the normal adult it passes mto the semen The only animal 
m which it occurs in large amount is the monkey, and then only in the 
caudal lobe of the prostate Many other tissues contam acid phosphatase, 
but the amounts are extremely small in comparison with that found in 
the prostate Gutman, Sproul, and Gutman (1936) demonstrated that the 
prostatio phosphatase is present m mahgnant prostatic tissue, including 
the metastatic tumours m bone Later they found a high acid phosphatase 
titre in the serum of patients with metastasizing prostatio oarcmoma (Gutman 
and Gutman, 1938) The diagnostic value of this findmg has been confirmed 
by many authors, and a full study of it has been reported by Sullivan, 
Gutman, and Gutman (1942) In its ongmal form the test is based on the 
finding of a total acid phosphatase titre higher than that of normal serum 
The moreases found in prostatic carcmoma, when they occur, vary greatly 
m degree, some being only slightly above normal and some extremely high 
On the other hand, slight moreases are occasionally met with m non-prostatio 
diseases, and although these are uncommon they may, in mdividual instances, 
detract from the rehabihty of the test For example, a patient may have 
generalized bone lesions which on radiological examination are consistent 
With a diagnosis of either osteoplastic metastases or Paget’s disease Chmcal 
exammation of the prostate may show no definite enlargement, or an enlarge- 
ment consistent with simple hypertrophy Diagnosis then rests entirely on 
the estimation of acid phosphatase m the serum If it is very high, there is 
no doubt of its sigmficance, but if it is only shghtly raised a fiiagnosis of 
Paget 8 disease is not excluded Rehable diagnosis has become more im- 
portant in view of the value of oestrogen treatment for prostatic carcmoma 

^ Received March 16, 1946 
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of filtrate is treated with 1 c c of sodium carbonate solution A control 
mixture is made with the corresponding amounts of water, phenol reagent, 
and sodium carbonate solution The mixtures are mcubated at 37° C for 
five mmutes to develop the colour, and read in the Pulfrich photometer 
with the control mixture m the balance cell, usmg the filter S72 The 
mstrument is cahbrated with a senes of standard phenol solutions The colour 
IS not directly proportional to phenol concentration, and a standard curve 
IS plotted for the readmgs The diflerence between the mcubated and non- 
mcubated samples gives the phenol formed by hydrolysis The unit of 
phosphatase activity is the hberation of 1 mg of phenol per 100 c c of serum 
m 1 hour 

Inactivation methods 

Labtliiy at 37^ C The serum is mcubated for 1 hour at 37° C and the acid 
phospha'^e estimated 

Alcoliol-inachvahon To 1 o c of serum, 0 4 c o of ethyl alcohol is added 
The tube is stoppered and the mixture allowed to stand for ^ hour at room 
temperature Water, 0 1 c c , is added, and a sample of 0 3 c c of the 
opalescent mixture measured mto 4 c c of buffered substrate for the estima- 
tion of acid phosphatase The volume is corrected by using 1 7 c c of phenol 
reagent after moubation 

Precautions in regard to the substrate If the buffered substrate is kept as 
a stock solution it is liable to undergo spontaneous hydrolysis The effect of 
this 18 to raise the level of preformed phenol m the serum -substrate mixture 
Smce the phosphatase is estimated from the difference between incubated 
and non-moubated mixture it is desirable to avoid unnecessarily high levels 
of preformed phenol The same percentage error m the estimation of total 
phenol may cause a much greater error m the phosphatase estimation if the 
initial phenol level is high For this reason the substrate is freshly dissolved 
m the buffer solution for use It is also important to guard agamst the 
growth of organisms in the stock buffer solution, since some organisms yield 
acid phosphatase 

The choice of the time of incvhation Gutman and Gutman (1938) recom- 
mended three to five hours for sera of normal acid phosphatase titre, and 
reduced the mcubation time for sera of very high titre This would be legi- 
timate only if the rate of hydrolysis were constant throughout the longer 
period The writer has followed the rate of hydrolysis for a number of sera 
With sera of normal type the rate is constant at first, but later faUs off 
rapidly until hydrolysis almost ceases This sharp f alhng-off occurs at different 
times with different sera , it is nearly always evident before three hours, 
and sometimes before two hours For this reason the mcubation time was 
reduced to one hour The phenol produced m one hour is sulBBcient to 
estimate photometnoally even when the acid phosphatase titre is low The 
falhng-off in hydrolysis on long mcubation is due to destruction of the enzyme 
This was shorn! m experiments m which serum, or a prostatio phosphatase 
preparation, was first mcubated m buffer alone for a given period and the 
substrate then added for estimation of acid phosphatase The titres found 
were then lower than before mcubation with the buffer With sera of very 
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Therefore it Bcemcd desirable to find a method for distinguishing between 
acid phosphatase of prostatio origin and acid phosphatases derived from 
other sources It seemed probable that the prostatio phosphatase was not 
present m normal serum, since the normal range of titres was the same for 
men and women Possible notivatorfl or inhibitors of acid phosphatases were 
therefore considered Broadly speaking, the acid phosphatases faJI into one 
group in regard to sensitivity to activators and mhibitors, while the alkaline 
phosphatases also have their group characteristics diffenng from those of 
acid phosphatases The only known specific property of prostatio phosphatase 
was its irreversible destruction by certain narcotics, including alcohols, 
described by Kutsoher and Wornor (193Q) The use of alcohol-inaotivation 
as a method of identifying the prostatio phosphatase in serum has been 
described m prehminarA" communications (Herbert, 1944, 1946) It was also 
shown that prostatio phosphatase in serum is destroyed by simple moubatioD 
at 37*^ C The present paper gives a description of the application of these 
methods in clinical work The method depending on alcohol-mactivation is 
the more specific for prostatio phosphatase, and has alone been adopted as 
a routine procedure 


Methods 

The estimation of acid phosphatase was done by the method of Gutman 
and Gutman (1938), but as there are some modifications and precautions the 
techmque is described in full 


Beagenis 

1 Ciiraie-hydrochlonc acid buffer A sodium citrate solution is made hf 
dissolving 21 008 gm of citnc acid in 200 c c of normal caustic soda end 
making up to 1,000 c c in water The buffer solution is prepared by addmg 
60 c c of N/10 hydrochlono acid to 440 c o of citrate solution, and is stored 
in the rofngerator in a waxed bottle 

2 Buffered substrate solution This is a solution of M/200 sodium mono- 
phenyl phosphate in the citrate-hydrochlono acid buffer, freshly made as 
required 

3 Phenol reagent The phenol reagent of Fobn and Ciocalteu (1927) is 
diluted 1 in 3 

4 Standard phenol, 10 mg per 100 c o 

6 Sodium carbonate, 20 per cent solution, kept warm 


Procedure 

Fresh serum must be used, and haemolysis avoided 

Total acxd phosphatase Two samples are taken, one for estimation of pre- 
formed phenol and one for estimation of the rate of hydrolysis of tM 
substrate In each case, 0 2 c c of serum is measured into 4 c o of buffer^ 
substrate in stoppered centnfuge tubes The first is moubated for exactly 
1 hour at 37° C Proteins are then precipitated by the addition of I'8 c « 
■nbenol reagent, the mixture centrifuged, and the supernatant flmd poured 
through a smaU filter (Whatman No 41 paper) second 

cipitated at once without inoubation and simdarly treated Of each. 4 o o 



ESTIMATION OE PROSTATIC PHOSPHATASE IN SERUM 225 

this rate precisely by taking samples at intervals from the mixture and 
estimatmg the phosphatase titre, because when the samples axe measured 
into the buffered substrate solution the alcohol is so far diluted as to have 
no inhibitory eSeot on the phosphatase durmg the stage of its action on the 
substrate In such experiments it was found that with a mixture of 1 c c of 
serum and 0 2 c c of alcohol the time required for complete maotivation 

Tabi^ I 

Effect of alcohol on prosiatic phosphatase %n sernm 


Expen- 

ment 

Titre of serum (units) 

Titre of Bomm with added 
prostatic phosphatase (units) 

"Untreated 

V 

Alcohol-treated 

Untreated 

Alcohol-treated 

1 

20 

1 8 

7 9 

30 

2 

23 

3 1 

343 

1 8 


23 

3 1 

18 3 

28 

3 



42 

74 5 

33 




42 

33 6 

37 




42 

17 8 

42 

4 

24 

24 

1318 

27 


24 

24 

67 2 

27 


24 

24 

33 6 

17 


was li to 2 hours With 1 o o of serum and 0 4 c c of alcohol inactivation 
was much more rapid This is shown in Fig 1 , the uppermost curve was 
ohtamed with serum from a case of prostatio carcmoma, with an acid 
phosphatase titre of 78 units, and the remaining three curves with sera to 
which prostatio phosphatase had been added. Inactivation proceeds very 
rapidly m the first few minutes , it is neanng completion at 15 minutes and 
at 30 minutes the titre has reached a constant minimum level Therefore 
30 romutea wbls chosen as the standard tune for alcohol treatment, as the 
mmimum necessary to secure the full effect It will be noted that m the 
experiment shown m the uppermost curve of Fig 1, usmg a serum from 
a case of prostatic carcinoma, the residual titre after alcohol treatment was 
above that of normal serum, but was not reduced by prolongmg the alcohol 
treatment Additional experiments with the prostatio phosphatase added to 
serum showed that when the mixture was treated for 30 minutes with 
2/5 volume of alcohol the residual titre did not differ appreciably from the 
titre of the serum alone (Table I) The difference between the titre of un- 
treated and alcohol-treated serum therefore gives an approximately quantita- 
tive measure of the prostatic phosphatase The acid phosphatase of normal 
serum is not mactivated by alcohol The range of variation and normal stan- 
dards are described later (Table IV) In prehminary experiments a diflSculty 
arose because the mactivation of prostatic phosphatase by alcohol, so clearly 
shown in serum, was nob evident with the prostatio preparations themselves 
When prostatic juice was diluted with water, and the solution treated with 
alcohol, little, if any, mactivation occurred This raised the question whether 
the inactivation seen m serum was a truly specific property of the prostatio 
enzyme or whether it depended on other factors Alcohol m the quantity 
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high acid phosphatase titrc at as necessary either to reduce the mcuhation 
time or to work mth diluted serum Either method gives the same result 
Avoidance of haemolysis Corpuscles contain a large amount of aad 
phosphatase, roughly 100 times the amount in serum (Gutman and Gutman, 
1041) Even slight haomol 3 'sifi therefore introduces appreciable error in the 
scrum titre The writer has found that the acid phosphatase of corpuscles la 

partly destroyed by alcohol under 
the conditions chosen for inach 
" vation of prostatic phosphatase 
Kang, Wood, and Delory (1945) 
have also noted this sensitivity to 
alcohol 

Conditions for the macivvaUon of 
prostatic phosphatase In the studies 
which led to the choice of methods 
for inactivation of prostatic phos 
phatase, expenments were made 
V ith normal and pathological sera, 
with preparations of the prostatio 
enzyme, and with the prostatio 
enzyme added to serum Prepara- 
tions of phosphatase from the pro- 
state were made by grmding the 
finely cut tissue with sand, cen 
tnfuging the mixture, and tafang 
off the supernatant fluid The tissue 
juice thus expressed contamed from 
140,000 to 600,000 units of acid 
phosphatase, and was used m such 
high dilution for the experimental 
0 15 30 45 60 work that no separation of the 

Time of alcohol treatment, minutes enzyme from other constituents 

Fig 1 Rat« of loactivation of prost^atic was needed The startmg-point of 

by Kutscher and Womer (1936) 
They earned out the inactivation with vanous alcohols at 37® C , and found 
that m passmg up the homologous series the inhibitory effect moreased 
relatively to molar concentration The higher alcohols are unsuitable owing 
to their low miscibility with water, so ethyl alcohol was chosen for the 
present work. It was also found that m serum moubated at 37"^ G without 
alcohol the prostatio phosphatase was destroyed, so that for a study of the 
specific alcohol effect it was necessary to work at room temperature 

Inactivation of ptostahe phosphatase by alcohol at room temperature Expen- 
ments were made on the rate of inactivation of prostatio phosphatase m 
serum treated with alcohol at room temperature It is possible to follow 
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this rate precisely by taking samples at intervals from the mixture and 
estimating the phosphatase titre, because when the samples are measnied 
into the bnfiered substrate solution the alcohol is so far diluted as to have 
no inhibitory effect on the phosphatase dunng the stage of its action on the 
substrate In such experiments it was found that with a mixture of 1 c c of 
serum and 0 2 c c of alcohol the time required for complete inactivation 

Tabus I 

Effect of alcohol on prostaiic phosphatase %n serum 


Expen- 

ment 

Titre of serum (units) 

Titre of eermn with added 
prostatio phosphatase (vmits) 


Untreated 

..... . ^ 

Alcohol-treated 

Untreated 

Alcohol-treated 

1 

20 

18 

7 9 

30 

2 

23 

3 1 

343 

1 8 


28 

31 

18 3 

28 

3 



42 

74 6 

33 




42 

33 6 

37 




42 

17 8 

42 

4 

24 

24 

1318 

27 


24 

24 

67 2 

27 


24 

24 

33 6 

1 7 


was li to 2 hours With 1 o o of seram and 0 4 c c of alcohol inactivation 
was much more rapid This is shown m Fig 1 , the uppermost curve was 
obtained with serum from a cose of prostatio carcinoma, with an acid 
phosphatase titre of 78 units, and the remaining three curves with sera to 
which prostatic phosphatase had been added Inactivation proceeds very 
rapidly in the first few mmutes , it is neanng completion at 16 minutes and 
at 30 minutes the titre has reached a constant mimmum level Therefore 
30 minutes was chosen as the standard time for alcohol treatment, as the 
mmimum necessary to secure the fuU effect It will be noted that in the 
experiment shown m the uppermost curve of Fig 1, usmg a serum from 
a case of prostatic carcmoma, the residual titre after alcohol treatment was 
above that of normal serum, but was not reduced by prolonging the alcohol 
treatment Additional experiments with the prostatic phosphatase added to 
serum showed that when the mixture was treated for 30 minutes with 
2/5 volume of alcohol the residual titre did not differ appreciably from the 
titre of the serum alone (Table I) The difference between the titre of un- 
treated and alcohol-treated serum therefore gives an approximately quantita- 
tive measure of the prostatic phosphatase The acid phosphatase of normal 
serum is not inactivated by alcohol The range of variation and normal stan- 
dards are described later (Table IV) In prehminary experiments a difficulty 
arose because the mactivation of prostatic phosphatase by alcohol, so clearly 
shown in serum, was nob evident with the prostatic preparations themselves 
When prostatic )uice was diluted with water, and the solution treated with 
alcohol, little, if any, inactivation occurred This raised the question whether 
the inactivation seen m serum was a truly specific property of the prostatic 
enzyme or whether it depended on other factors Alcohol in the quantity 
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8cd causes partial precipitation of scrum proteins, but such a nonspeoifio 
effect would not account for the difference between the prostatic phospEase 
and the acid phosphatase of normal serhm The possible effect of pH was 
considered and experiments were made with prostatic tissue juice diluted m 
various buffer solutions ranging from pH 4 8 to 7 4 {Table H) Inactivation 
occurred in all such solutions irrespective of pH Next a dilution of prostatic 



Fra 2 Rato of inactivation of prostatic phosphatase m semm incubated at 37® C 


3UICC was made in a mixture of sodium chloride and sodium bicarbonate of 
concentration comparable with serum, and maotivation was observed In 
isotomc sodium ohlonde, without bicarbonate, the effect of alcohol was 
much less Inactivation was not quite complete m any of the salt mixtures, 
but with the sodium salts of weak acids the titre fell to a very low level It 
IS evident that the effect of serum m facilitating the mactivation of prostatic 
phosphatase by alcohol is sufficiently explamed by the effect of the serum 
salts and there remains no objection to mterpretmg the alcohol inactivation 
as charactenstic of prostatic phosphatase Further evidence for specificity 
will be given m desonbmg the chmeal use of the test 

Imcitvalion by tnciibahon of serum at 3^ C The labihty of the prostatic 
phosphatase in serum at 37" 0 was discovered aocidentaUy m the . 
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t 

control experiments made m the study of inactivation by alcohol Pre- 
limmary expenments with normal serum showed that the normal acid 
phosphatase was not labile at 37° C It seemed, therefore, that this property 
might form the basis of a second method of differentiation The cause of the 
inactivation hcts been traced to the pH of serum When prostatic tissue 
preparations were diluted m vanous buffer solutions, it was found that the 


Table II 


Efftd of alcohol on prostaitc tissue phosphatase 


Diluent 


Total acid phospha- Residual acid phosphatase after 
taae (units) alcohol treatment (units) 


Water / 

16 3 

1 

21 0 

Acetate buffer pH 7 4 | 

23 2 
16 3 

Citrate buffer pH 4 8 

16 3 

pH 6 4 

21 0 

pH 6 8 

210 

pH 6 2 

210 

pH 6 6 

21 0 

Sodium chloride 0 686 % 1 

OQ n 

Sodium bicarbonate 0 366 %/ 

Zo U 

Sodium chloride 0 9 % 

21 0 


12 4 
16 9 
14 
27 
36 
42 
26 
20 
20 

20 

8K) 


prostatic phosphatase was destroyed by mcubation for one hour at 37° C at 
pH 7 4 At pH 4 8 and 37° C there was only a shght reduction m titre 
These findmgs are in general agreement with the pH mactivation curves for 
prostatic phosphatase published by Kutscher and Womer (1936), though 
under the conditions employed by them inactivation at pH 7 4 was not 
complete The rate of mactivation during mcubation of serum at 37° C is 
shown m Fig 2 Both curves were obtamed with sera from patients with 
prostatic carcinoma The titre falls rapidly at first and then more slowly, 
attammg a constant minimum level by one hour As with the alcohol 
method, high residual titres are sometimes found, but are not reduced by 
prolongmg the mcubation The apphoation to clmical work is described 
below and it wdl be shown that the method is not entirely specific 


Clinical Application 

Material The study covers 87 cases of prostatic carcinoma, 95 oases of 
prostatic hypertrophy, and 163 other cases including a wide variety of 
diseases Total acid phosphatase was estimated m all cases, and differential 
methods apphed m a large proportion Care was taken to arrive at a rehable 
diagnosis based on chnical, radiological, and histological evidence, inde- 
pendently of acid phosphatase titres In a few oases diagnosed as prostatic 
carcmoma, with bone metastases and without clear evidence of the primary 
growth in the prostate, the findmg of a high acid phosphatase in the serum 
was the basis of diagnosis m the first instance, and the subsequent response 
to oestrogen treatment, both in regression of tumours and fall m serum acid 
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phosphatase, was taken as confirming the diagnosis Considecation of the 
evidence in the whole senes in which prostatic carcinoma was diagnosed 
showed that the mere finding of a high acid phosphatase titre cannot have 
biased the diagnosis m more than five cases On the other hand, in a few 
cases the diagnosis of metastasizing prostatic carcinoma has been accepted 
on chnicnl and radiological evidence alone, in spite of a normal acid phos- 


Table ni 


Total acid phosphatase in pathological sera 


Diagnosis 

Carcinoma of proatnto with bono 
motoBtasca 

Carcinoma of prostate , no bono 
motastnscs demonstrable 
Carcinoma of prostate ^ no ra^ 
diological C'^ammation 
Somlo hypertrophy of prostate 
Paget's disease of bone 
parathyroid osteitis 
Miscellaneous bono diseases 
Hepatitis or cirrhosis hepatis 
Obstrueti\e jaundice 
Nephritis 

Miscellaneous (general) 


Number of cases with acid phosphatase $ 

m the range S 


3 

V 

Cl 

0 

wM 

2 to 3 


3 

•4' 

o cc 

5 £ 

lO o 

o 

lO 

i-H 

o 

Cl 

VD 

Cl 

o 

1^5 

t- 

o 

o 

o 

o 

|>H 

a 

& 

o 

-M 

CO 

s 

CO 

0 

o 

1—1 

3 

iO 

3 

O 

Cl 

5 

Cl 

3 

O 

O 

3 

10 

u 

0 

36 

— 

3 

1 

2 

1 6 

1 

3 

4 

— 

4 

4 

2 

4 

47 

6 

9 

12 

8 

Cl 

Cl 

4 

1 

2 

-* 

1 

— 

— 

— 

6 

1 

1 

— 

2 

— 

1 

— 

— 

— 

— 

— 

— 

— 

05 

12 

61 

23 

7 

1 — 

1 

- 
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10 
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Tabus IV 


InacUvaiion methods xn non^proslatxc diseases 


Change in acid 
phosphatase titre 
(units) 

Number of sera showing this change 

After alcohol treatment 

After incubation at 

More than —2 0 

0 

2 

— 20to -1 6 

0 

1 

-1 5 to -1 1 

2 

3 

-1 0 to ~06 

13 

11 

—0 6 to +0 6 

64 

21 

+ 0 6 to +10 

14 

1 

+ 1 1 to +1 6 

3 

1 

+ 16 to +20 

2 

1 

More than +20 

4 

0 

Total cases 

102 

41 

Mean change 

+ 017 unit 

~0 37 umt 


phatase titre Eighteen oases of prostatic enlargement with normal serum 
acid phosphatase have heen excluded owing to imcertam diagnosis. The 
senes includes 22 cases of Pageth disease of bone In eight of these there 
was some prostatic enlargement diagnosed as non-mahgnant Of these, two 
were proved histologically to have benign hyperplasia, five were foUowed for 
eight to 12 months without any sign of malignancy, and m only one did the 
diagnosis rest on the onginal clinical examination alone 
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BesuUs 

The results are shown m Tables ni to VI In Table IH are summarized 
the data for total acid phosphatase in serum in the whole senes of cases 
Table IV summanzes the results of alcohol treatment and of incubation at 
37° C in non~prostatic diseases, which form the basis of definition of the 
normal findings with these methods In Table V are collected the details 


Table V 

Nou-pTOstdttc discuses With totul acid pJiosphcitusc above five units 

Acid phosphatase 




Untreated 

Alcohol-treated 

Serum incubated 

Diagnosis 

Sex 

serum 

serum 

fori hr at37®C 

Parathyroid osteitis 

F 

62 

— 

67 

Paget’s disease 

F 

68 

68 

— 


F 

62 

62 

— 

Gastne carcinoma with 

M 

58 

68 

— 

bone metastases 





Nephntis 

M 

68 

60 

62 

ff 

F 

62 

60 

40 

Gallstones 

F 

66 

66 

65 

Hepatitis 

F 

67 

78 

46 

» 

IL 

64 

48 

48 

tt 

M 

63 

61 

63 


“If 

/ 66 

24 

— 

r9 

JU 

\ 66 

49 

— 

ff 

M 

66 

62 

— 

t» 

M 

66 

60 

— 

Subacute hver necrosis 

F 

65 

66 

— 


of those non-prostatic diseases m which the total acid phosphatase was 
definitely above normal Table VI shows the full details of those cases of 
prostatic caremoma in which mactivation methods were apphedL 
Non-prostattc diseases In assembling the data for total acid phosphatase 
in 153 sera it was noted that the higher titres occurred more frequently m 
diseases of the skeleton, hver and bile passages, and kidneys than in other 
diseases For this reason the nomprostatio diseases are divided mto groups m 
Table III, and the defimtion of the normal is based on a general miscellaneous 
group from which these special diseases are excluded On this basis the 
usual normal range is from 1 to 4 units and the extreme range 1 to 5 units. 
The normal thus defined is shghtly higher than that given by Sullivan, 
Gutman, and Gutman (1942) , the difference is accounted for by the shorter 
incubation time used m the present work 
In cancer of organs other than the prostate, without bone metastases, 
there are no abnormalities, and 21 such cases are mcluded m the ‘ general 
miscellaneous’ group In secondary caremoma of bone, with the primary 
growth m organs other than the prostate, there is a shght tendency to high 
values, though no more than m other generalized bone diseases The group 
of ‘ miscellaneous bone diseases ’ mcludes 1 1 cases of secondary caremoma of 
which two gave titres above 4 units 
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The normal alkalme phosphatase of plasma by the Jenner and Kay method is 3 to 8 units 
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Paget’s disease of bone seems no more liable to be associated with high 
serum acid phosphatase than other bone diseases , only four cases out of 22 
gave titles above 4 units and only two cases were distinctly high (Tables III 
and V) It IS noteworthy that in the two cases of Paget’s disease with serum 
acid phosphatase above 5 units, the serum alkahne phosphatase was extremely 
high (167 and 186 units by the Jennor and Kay method) Yet there is no 
close correlation between acid and alkaline phosphatases in bone diseases 
Another case of Paget’s disease with a serum alkaline phosphatase of 79 4 
units had an acid phosphatase of 3 0 units , another showed alkalme phos- 
phatase 60 0 units and acid phosphatase 3 4 units Also, the case of secondary 
bone carcinoma listed in Table V, with acid phosphatase 6 8 units, had an 
alkahne phosphatase of 44 3 units There is a possibility that with very 
high alkahne phosphatase titres the activity of the phosphatase derived from 
bone may show itself slightly at the acid xeaction also, but the figures cited 
show that if any such effect occurs it must he very small, probably at most 
2 5 units of *acid phosphatase’ corresponding to 100 units of alkahne phos- 
phatase In view of the variation in serum aoid phosphatase derived from 
normal sources one would not expect that interference by alkalme phosphatase, 
if it occurs, would be recogmzable from a correlation between acid and 
alkaline phosphatase titres The proportion of abnormal acid phosphatase 
titres found in the present senes of cases of Paget’s disease is about the same 
as that found by Sullivan, Gutman, and Gutman (1942) m a senea of 
96 cases, and lower than that found by Watkinson, Delory, King, and Haddow 
(1944) in a senes of nine cases 

The most sinking incidence of high titres occurs m diseases of the hver, 
specially hepatitis and hepatic necrosis The group of 19 oases listed m 
Table HI is composed of five coses of cirrhosis and 14 cases of hepatitis or 
hepatic necrosis Only two cases of hepatitis had titres below 4 units and 
seven had titres above 6 units 

The results of inactivation methods apphed to sera from non-prostatio 
diseases are shown in Table IV Alcohol treatment usually causes no significant 
change in acid phosphatase activity , it sometimes causes a defimte nse and 
in a minonty of cases apparently a shght faU Where the change in titre 
is no more than 0 6 unit m either direction the results are regarded as within 
the range of technical error, and possibly the extreme range of error may 
account for differences up to 1 umt Rises as a result of alcohol treatment 
seem to have no special significance The normal standard adopted on the 
basis of 102 sera is that alcohol treatment does not cause a fall of more than 
1 unit There are only two exceptions to this rule, and if m routme practice 
a suspicious fall is encountered, a repetition of the test will settle the point 

The method of inoubatmg the serum at 37^ C has not given such clear-cut 
results Though a large proportion of sera show no change, the results are 
more irregular than with the alcohol method, and six cases out of 41 show 
falls of more than 1 umt When these results had been obtamed the test 
was abandoned as a routme procedure, but it may sometunes be of use A 
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fall in titxe on incubation does not prove the presence of prostatio phosphatase, 
but the absence of a fall would be a useful negative finding 

From the diagnostic point of view it is important to establish that the 
behaviour of phosphatases denved from sources other than the prostate is 
the same whether the total acid phosphatase titre is normal or raised Pre- 
sumably the normal aoid phosphatase of serum is a mixture denved from 
vanouB tissues, and if m pathological conditions any one of these sources 
predominates sufficiently to raise the total titre above normal, any special 
properties of the phosphatase concerned might then become apparent Of 
a total of 153 sera from non-prostatic diseases only 14 had titres above 
6 units, and these ate collected m Table V They conform to the rule that 
alcohol treatment never causes a fall of more than 1 unit, and sometimes 
causes a distinct nse They also illustrate the unreliability of the method of 
inoubatmg the serum at 37® C , which caused falls of more than I unit m 
two cases out of seven 

Prosiatic Tiypertrophy The total acid phosphatase of the serum has been 
estimated in 96 cases of benign hyperplasia of the prostate (Table HI) Of 
these, the diagnosis was histologically confirmed m 66 oases The method of 
alcohol treatment has been apphed m 68 cases of this group, and the method 
of incubatmg the serum at 37® C in 16 cases With the exception of five 
cases, the results were the same as those found m non-prostatio diseases, 
both in regard to total acid phosphatase and in the absence of inactivation 
by alcohol Incubation at 37® 0 also gave the same results as in non-prostatio 
diseases The results as a whole therefore confirm those of earlier workers, 
that in bemgn hyperplasia the prostatic phosphatase does not pass mto the 
blood-stream There is no reason why it should do so, as the anatomical 
relations between prostatio tissue cells and blood-vessels are not disturbed 
Possibly operative trauma, trauma by catheters, or inflammatory lesions 
imght temporarily open up commumcation between the cells and the blood- 
stream, but the histones of the five exceptional cases showed no definite 
correlation between trauma and the prteence of prostatio phosphatase m 
serum In all five cases the diagnosis was histologically confirmed, but as 
the biopsy matenal was obtamed by endoscopic resection the diagnosis is 
stnctly vahd only for the portions examined In three of the five cases the 
total acid phosphatase of serum was normal, hut there was a fall of more 
than 1 unit after alcohol treatment In each case this was a smgle observa- 
tion, and m two of the three cases the test was repeated and a normal result 
obtained In the fourth case, admitted with gross retention of urme, the 
figures for acid phosphatase were 6 4 units m untreated serum and 3 0 units 
after alcohol treatment Eighteen days later, after relief of obstruction by 
suprapubic cystostomy, the acid phosphatase was 2 9 units, not reduced by 
alcohol treatment In the remaining case, three acid phosphatase estimations 
were made within four days The results were first day, untreated serum 
3 6 units , second day, untreated serum 8 8 units, alcohol-treated serum 2 4 
umts , fourth day, untreated serum 6 2 umts, alcohol-treated serum 4 0 units 

Kow Sciid Xo, 69] g 
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Incubation of the serum at Z^C also showed the faU in titre The patient 
was seen again 10 months later, when there was no clmical evidence of 
malignancy and the serum acid phosphatase was normal both in total titre 
and in the absence of inactivation by alcohol or by incubation 

ProstatiC cdrcinoTiia The results for total acid phosphatase m seruni in 87 
cases of prostatio carcinoma are shown in Table III Titres above 6 units 
occurred in 29 out of 35 cases vnth bone metastascs, and m 12 out of 47 cases 
without bone metastascs The extent of metastases in soft tissues is not 
known Alcohol treatment was appbod in 66 cases of prostatio carcinoma, 
and the results for these are given m Table VI Data illustrating the effects 
of oestrogen treatment on the acid and alkaline phosphatase are included. 
In Table VI the cases arc arranged in descending order of the imtial acid 
phosphatase titro In those numbered 1 to 27 the acid phosphatase was high 
when the patients were first seen Without exception, alcohol treatment 
lowered the titre, usually to the normal level In a few cases the residual 
activity after alcohol treatment was above normal When the same sera 
wore subjected to alcohol treatment and to moubation at 37"^ C , the residual 
activity was usually almost the same by both methods In the remaining 
29 cases the total acid phosphatase was normal, but among these there were 
five cases in which a significant fall in titre occurred after alcohol treatment 
(Nos 29, 30, 32, 41, and 44) In viow of the extreme ranty of such results 
m diseases other than prostatic carcinoma, these observations suggest that 
the alcohol method makes it possible sometimes to detect the prostatio 
phosphatase, and thus to obtain evidence for suspectmg prostatic carcinoma, 
oven when the total acid phosphatase is not significantly raised Caution is 
necessary m interpreting such results, because, when the total titre is low, 
one 18 working close to the margin of experimental error, but if the sensitivity 
to alcohol IS repeatedly found in any individual case the possibility of 
mahgnancy should be seriously considered 

In patients treated with synthetic oestrogens (usually stilboestrol) prostatic 
phosphatase, if onginaUy present, decreased, and often entirely disappeared. 
Among the treated cases there are some instances m which alcohol-sensitivity 
was still evident when the total acid phosphatase had returned to normal 
This IS seen in Case 13 at 11 da 3 rs and in Case 21 at three months, and at 
several stages m the progress of Case 14 The last case is specially mterestmg 
in showing the independent vanation of the prostatic and non-prostatic 
fractions the serum acid phosphatase Probably one cannot sharply 
separate the two fractions It has already been shown that prostatic phos- 
phatase is completely destroyed under the conditions of the alcohol method, 
but as the activity of the non-prostatio fraction may sometimes be shghtly 
increased by alcohol, it is possible that in some sera the prostatic fraction 
may be underestimated if it is calculated sunply as the difference between 
treated and untreated serum In Case 14 the clinical result was good improve- 
ment up to seven months and then a partial relapse The alkalme phosphatase 
figures reflected this In the early stages the onginally high alkaline phos- 
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phatase rose still farther, an effect which has been descnbed by other workers 
and IS interpreted as evidence of osteoblastic activity associated with healing 
(Huggins and Hodges, 1941, Chute and Willetts, 1942, Watkinson, Uelory, 
King, and Haddow, 1944) In accordance with this view, the next radio- 
logical examination showed sclerosis of the metastatic bone lesions Later 
the serum alkaline phosphatase steadily fell to normal, but from the seventh 
to eleventh month of treatment rose again This secondary nse suggested 
further extension and occurred when the patient suffered rather more from 
backache The prostatic fraction of the serum acid phosphatase feU greatly 
in the first 10 days, then disappeared, and apart from a possible return at 
SIX weeks remamed absent until six months, when it was agam recognizable 
m spite of a normal total acid phosphatase titre It then continued to 
morease and m the latest observations was sufficient to raise the total titre 
above normal In this case the reappearance of the prostatic phosphatase 
seemed to be the first sign of a partial relapse On the other hand, m Case 3, 
m which the prostatic phosphatase never entirely disappeared, there was 
a partial relapse not clearly reflected m either acid or alkaline phosphatase 
values 


Discussion 

The present work confirms both the value and limitations of the estimation 
of total acid phosphatase m serum as a diagnostic test The mtroduction of 
the alcohol-mactivation technique is a useful refinement which assists the 
interpretation of results when the total titre is not high enough to be m 
itself diagnostic of prostatic oarcmoma In patients suffermg from urinary 
obstruction of such degree as to require immediate surgical rehef, diagnosis 
will usually be made by biopsy, but m a number of cases dissemmation of 
the growth occurs before the primary tumour has advanced sufficiently to 
cause urmary obstruction In others the urinary obstruction may not be an 
urgent symptom, and if the diagnosis is established, surgical mtervention 
may be unnecessary as the ^obstruction may be reheved by oestrogen treat- 
ment Chnical examination may make the diagnosis certam if there is 
considerable local invasion, but m many coses the clinical findmgs cannot 
establish the diagnosis Therefore there are many cases m which the 
diagnosis may rest mainly on the estimation of serum acid phosphatase 
The diagnostic value of the test is limited by the fact that prostatic phos- 
phatase is not always found m the serum m prostatic oarcmoma, though it 
IS nearly always found when there are metastases m bone The frequency of 
high values reported m the hterature is shown m Table VH, m which the 
figures m each paper are mterpreted by the authors’ own normal standards. 

As has been pomted out by SuUivan, Gutman, and Gutman (1942), the 
extent of transference of the prostatic phosphatase from the malignant tissue 
to the circulation must depend partly on the extent of mvasion of blood 
and lymph channels, and partly on the rate of production of the phos- 
phatase m the tumour tissue Therefore, m general, a widely metastasizing 
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growth 13 hkoly to yield most phosphatase to the blood-stream, but there 
are exceptions to this rule in all the available reports Some of these may 
be dne to wrong diagnosis, but not all The remainder may be explained 
either by lack of production of phosphatase by the tumour when it is of the 
anaplastic type, or by anatomical conditions such that the tumours in fact 
invade blood-vessels less than would be expected from their wide distribution 

Table VII 

Acid phosphatase of serum in prostahe carernoma 

Cflsos Tviih bone Cases without bon© 
All COSOS metostoses metastases 

Number Number Number 



Total 

with high 

Total 

with high 

Total 

with high 


number 

litres 

number 

litres 

number 

litres 

Huggins and Hodges 

47 

21 

26 

19 

20 

1 

(19H) 

Huggins, Stevons, and 

14 

7 





Hodges (1041) 
Sullivan, Gutman, and 

200 

120 

130 

116 

70 

11 

Gutmon (1D42) 
Watkinson, Delorj, 

10 

0 

7* 

0 

3 

0 

King, and Haddow 
(1044) 

Herger and Sauer 
(1041) 

Herger and Sauer 

31 

22 

- - 


- 







60 

62 





(1946) 

Smith and MacLoan 

10 

7 

6 

3 

6 

4 

(1043) 

Present paper 

Total phosphatase 

87 

42 

35 

20 

47 

12 

Differentia] method 

56 

32 

24 

20 

26 

8 


♦ Including two coses m which caTcmoma of the prostate was associated with bone 
lesions diagnosed as Pagot’e disease 


Both explanations were required to account for the findings of Sullivan, 
Gutman, and Gutman (1942) In some of their cases with metastases and 
without rises in serum acid phosphatase the tumour was known to be of the 
anaplastic type, and m one case they proved that the tumour tissue did not 
contain the phosphatase In other instances the serum acid phosphatase, 
which had been normal when the patient was first seen, m spite of the 
presence of metastases, rose at a later stage, showing that the tumours were 
producing the enzyme 

In the present study there were six instances of serum acid phosphatase 
less than 5 units in oases with bone metastases (Table III) Unfortunately 
histological examination was made m only one of these (Case 51, Table VI), 
and m that case the tumour was anaplastic In two of the remaining cases 
the diagnosis was not certain In one other, the tumour was certamly of 
a type to produce the prostatic phosphatase because it rose very high later, 
and the history suggests the importance of invasion of large vessels When 
this patient was first seen there were bone metastases and the serum acid 



ESTIMATION OF PEOSTATIC PHOSPHA.TASE IN SERUM 239 

phosphatase was 4 3 units Work with inactivation methods had not begun 
at this tune The patient responded very well to stilboestrol treatment, 
after 18 months’ treatment he was m good condition and the radiological 
exammation showed a most dramatic disappearance of many of the lesions 
in the pelvis and lumbar spine Soon after this he relapsed, and after another 
five months was very lU, though the radiological picture in the pelvis and 
lumbar spme showed no deterioration The serum acid phosphatase was 
281 units A few days after this observation he died at his home, and his 
doctor’s diagnosis was cerebral haemorrhage The story suggests that a cranial 
metastasis may have eroded a cerebral vessel, and caused massive trans- 
ference of the prostatic phosphatase to the circulation at a tune when the 
vessel was about to break down As there was no autopsy this mterpretation 
could not be confirmed, but it is evident that whenever a large vessel is 
involved the rise m serum acid phosphatase wiU be determined by the 
relation of such a vessel to the local tumour rather than by the general 
distribution of metastatic lesions 

In the cases m which the prostatic phosphatase is continuously present m 
the serum, the transference of phosphatetae from tumours to blood-stream 
must proceed contmuously at a rapid rate It has been shown that at the 
natural pH of serum, and at body temperature, the prostatic phosphatase 
IS rapidly destroyed, and this effect presumably occurs in invo The titre 
m any serum must be mamtamed as a balance of contmuous inflow and 
destruction, and the upper curve of Pig 2 shows that the rate of destruction 
IS more rapid when the titre is high In that example, with an imtial titre 
of 78 umts, 50 umts were destroyed in 15 mmntes This zmphes that m 
order to mamtam a titre of 78 umts per 100 o o of serum the mflow from 
tumour cells must be at least 200 umts per 100 c c of serum per hour This 
IS not a surpnsmg rate of mflow m view of the fact that prostatic tissue 
juice may contam as much as 600,000 umts per 100 c c , at that figure it 
would be sufficient for the contents of 1 c c of tissue jmce to pass mto the 
total circulation (3,000 o c of plasma) every hour This recogmtion of 
a dynamic balance of inflow and destruction may have a bearmg on the 
investigations of therapeutic agents The tune required for a fall in serum 
acid phosphatase when the growth and activity of the tumour cells is 
inhibited would depend upon several factors The first factor, disappearance 
of the phosphatase m circulation when the supply is cut off, can be assessed , 
it would occur within an hour if the supply were suddenly stopped The 
next factor involved is the rate of destruction of acid phosphatase m the 
tissue itself when the cells cease to produce it That is unknown, but is 
presumably rapid, judging from the speed of response to orchidectomy One 
case early in the present senes was treated by orchidectomy , m four days 
the serum acid phosphatase fell from 79 to 26 umts, and such a qmck 
response suggests that this early fall is due more to an inhibition of the 
metabohc activity of the cells than to cessation of cell multiphcation or 
closure of the communications between tissues and vessels The response to 
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stilboDstrol os slower than the response to orchidectomy With either treat- 
ment there is at a later stage anatomical regression of the tumours as well 
as inhibition of metabolic activity In patients showing a high serum acid 
phosphatase the full under treatment is the earliest objective sign that the 
tumours are sensitive to ocstrogons Therefore it is desirable that m all 
coses the acid phosphatase should be estimated before treatment begins 


Sxmmary 

1 A study of the diagnostic use of estimations of serum acid phosphatase 
has been made on the basis of 87 cases of prostatic caromoma, 95 cases of 
prostatic hj^ertrophy, and 163 cases including a wide variety of diseases 

2 Tlio total acid phosphatase titre is raised in the great majority of cases 
of prostatic carcinoma with metastases in bone and m a small proportion of 
cases without doraonstrable bono motastases The abnormally raised titres 
vary from 5 to 281 units on the scale of Gutman and Gutman (1938) In 
a small proportion of non-prostatic diseases minor nses above normal are 
encountered 

3 In order to assist diagnosis in those cases m which the serum acid 
phosphatase is only shghtly raised, methods of mactivation of prostatic 
phosphatase have been studied 

4 Prostatic phosphatase in eerom is inactivated either by incubation of 
the serum for one hour at 37° C or by treatment of the serum with 2/6 volume 
of ethyl alcohol for i hour at room temperature 

6. The method of incubation of the serum at 37° C is not recommended 
as a routme diagnostic test Prostatic phosphatase is regularly mactivated 
In the majority of sera from non-prostatio diseases the acid phosphatase is 
not inactivated, but exceptions are sufficiently frequent to make the test 
unrehable 

6 Inactivation by alcohol at room temperature gives a specific test for 
prostatic phosphatase and an approximately quantitative measure of the 
prostatic fraction of the acid phosphatase It clearly distinguishes between 
raised titres due to the presence of prostatic phosphatase, and raised titres 
of different ongin It may sometimes make it possible to detect prostatic 
phosphatase even when the total titre of the serum is not raised 

I wish to express my thanks to the Honorary Physicians and Surgeons of 
the Royal Victoria Infirmary, to Mr Wardill and his staff at the Newcastle 
General Hospital for opportunities to study their cases and for the use of 
their case records, and to my colleagues m the Pathological Department for 
their autopsy and biopsy reports 
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THE CLASSmCATION OE CASES OE GLYCOSURIA ^ 

By ALEXANDEE LYALL 

(From the Department of Clmical Chemistry, University of Aberdeen) 

MedioaXt examination of large sections of the population of military age 
has provided a better basis for estimating the incidence of glycosuria and 
for determining the significance of this abnormahty than has previously 
been possible Several workers have already pubhshed data of value m this 
respect Thus, Blotner and Hyde (1943 a) discovered 33 cases of renal 
glycosuria, 162 cases of transient glycosuria, and 208 cases of diabetes 
amongst 46,660 recruits Peel and Peel (1941) investigated 116 cases of 
glycosuria and found 43 cases of diabetes, nme border-hne diabetics, and 
69 cases of renal glycosuria The present investigation compnsed 387 subjects, 
382 male and 6 female, found to have glycosuria amongst 40,000 entrants 
to the services, along with a smaller number of such patients met m ordinary 
hospital practice Sugar tolerance tests with 60 gm of glucose were earned 
out in the fasting state, the venous blood-sugar being determined before 
mgestion of sugar and at 30 minutes thereafter for two hours Maclean’s 
method was used throughout for blood-sugar estimation Samples of urme 
were obtained on waking, in the fasting state, and two hours after mgestion 
of sugar It IS particularly important to obtain a sample of unne m the 
fasting state, smee m some cases of renal glycosuria this may be the only 
sample of urme free from sugar Urme samples were tested for sugar and 
acetone and the amount of sugar estimated approximately Eoutme inquiry 
was mode os to previous knowledge of glycosuria and diabetic symptoms 
moludmg polyuria, noctuna, thirst, loss of weight, skm mfectiona, boils, and 
styes The material was analysed and classified accordmg to the character 
of the blood-sugar curve mto the followmg groups 

1 Biabetio or pxediabetic state 41 oases 

2 Border line cases (blood-sugar between 0 16 and 0 19 gm per 100 c o ) 112 ,, 

3 Renal glycosuria with normal curve (blood sugar between 0 12 and 

0 16 gm per 100 c c ) 169 „ 

4 Renal glycosuria with low curves (blood sugar below 0^12 gm per 

^00 c c ) 52 

6 Persistent renal glycosuria or renal diabetes 23 „ 

Group 1 Diabetes or prediabeitc state This group consisted of 41 men 

varymg m age between 19 and 66 years, of whom 23 were between 30 and 

40 years of age and only four m the 18 to 19 years age group The fasting 

blood -sugar values varied between 0 062 and 0 363 gm per 100 c c , with 
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values below 0 1 gm per 100 c c. m six, between 0 1 and 0 14 gm per 100 o c 
m 31. and four above 0 14 gm per 100 c c At 30 minutes after ingestion of 
sugar, two showed values below 0 17 gm per 100 co, 11 showed values 
between 0 17 and 0 2 gm per 100 c c , and 28 showed values above 0 2 gm 
per 100 0 0 At 00 mmutes, values above 0 2 gm per 100 c c were found in 
13 cases and above 0 16 gm per 100 com 20, and at two hours, values 


maximum 


average 

OF 41 CASES 

minTmum 

FASTING Mu IHR. 2HR. 

DIABETES OR PREOIABETIC STATE GROUP \ 

Fia 1 

above 0*2 gm per 100 c o were present m three cases and above 0 12 gm 
per 100 c c m 16 The highest curve was 0 179, 0 234, 0 312, 0 300, and 
0*286 gm per 100 c c The average curve from the whole senes was 
0 109, 0 205, 0 190, 0 176, and 0 119 gm per 100 o c , shown graphically m 
Fig 1- 

The fasting blood-sugar was above normal in 36 instances m this group 
Even slight mcrease m the fasting blood-sugar was usually found to mdicate 
a diabetic state The overnight samples of unne were free of sugar m 24 
cases, and the fasting unne was free of sugar m all except four instances 
The amount of sugar passed after the test was over 3 gm per 100 c c m 17 
cases and over 2 gm per 100 c c m 18, so that the degree of glycosuna was 
high m the majonty, although there was no reduction m the renal threshold 
for sugar Acetonuna was found in 11 instances and urobihnogen was m 
excessive amount m the unne m fonr cases Symptoms, moludmg thirst and 
polynna or noctuna, were present m 12 instances, while five subjects were 
overweight In only one instance was there knowledge of diabetes m the 
family, where the mother died of diabetes In two cases blood-sugar curves 
were repeated within 12 months In one the ourve showed improvement, 
but was still classed as diabetic , m the second the blood-sugar curve was 
normal and the unne was free of sugar 
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Three cases were later admitted to hospital for treatment of diabetes, one 
within one week in diabetic ketosis and stabilized on insidm The second 
case, a man aged 18 years, was admitted to the Aberdeen Royal Infirmary 
one year after the diagnosis of diabetes had been made He had been wor kin g 
m the mterval as a trawl fisherman and had taken no precautions with his 
diet He had noticed increasing thirst for two months with dryness of the 
skm, frequency of urmation, and rapid loss of weight The blood-sugar on 
admission was 0 482 gm per 100 c c , and mtense ketosis was present There 
was suppurative otitis media and glossitis Treatment with ins ulin and 
mootmic acid was commenced and the patient was ultimately stabilized on 
28 umts of soluble insulm twice daily The ‘third case, a man of 34 years, 
showed the following blood-sugar curve on 15 7 40, fastmg blood-sugar 0 104, 
after sugar 0 222, 0 197, and 0 113 gm per 100 oo The overnight and 
fastmg samples of urme were free of sugar and the urme contamed 2 5 gm 
per 100 c c of sugar after the test He contmued to work as a tramway 
conductor, and restricted jam and sugar m his diet He was seen again in 
June 1945 when he complained of rapid loss of weight, fatigue, thirst, and 
polyuna The blood-sugar was 0 48 gm per 100 o c and severe ketosis was 
present He was stabilized m hospital on 20 units of soluble insulm twice 
daily 

This group shows the earher evidences of diabetes, not commonly en- 
countered, at some mdefinite period before subjective symptoms and gross 
chnical signs appear Occasionally the sugar tolerance test may suggest 
moipient diabetes, and later observation shows that normal tolerance for 
sugar has been recovered Temporary changes m diet or mild sepsis may 
account for such an occurrence 

Group 2 Border-line cases This group consisted of 111 men and one 
woman found to have glycosuria The average age was agam rather high 
with 27 below 30 years of age and 65 above 30 years The average blood- 
sugar curve for the whole group was 0 093, 0 162, 0 139, 0 117, and 0 098 gm 
per 100 0 c In 19 instances the blood-sugar value was over 0 18 gm per 
100 c c at 30 minutes, and was above 0 16 gm per 100 o o at one hour m 
30 instances The blood-sugar value at two hours was still above 0 1 gm per 
100 c c m 39 instances, m 14 of which the readmg was over 0 12 gm 
per 100 c 0 The fastmg blood-sugar values were below 0 1 gm per 100 c c 
in 81 cases and above 0 1 gm per 100 c c with a maximum 0 133 gm. 
per 100 c 0 m 31 In the whole group 47 were classed as renal glycosuria, 
havmg curves which fell withm normal limits and with no symptoms 
suggestive of diabetes In 18 a diagnosis of early diabetes was made and in 
14 the blood-sugar curve showed delay m assimilation of glucose The over- 
night sample of urme contamed sugar m 28 patients, with quantities up to 
2 gm per 100 o c m 10 The fastmg samples of urme were free of sugar 
except for a trace m five cases Symptoms suggestive of diabetes were 
common m this group Frequency of micturition was oomplamed of m 13 
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instances, thurst m three, and recurrent boils in nine One patient complame 
of recent loss of weight and three wore obese There was a ourioua frequen< 
of association with a history of duodenal ulcer m seven patients, and wil 
the ocourronco of intense urobiUnuria m six, although only one subject haa 
recently liad jaimdico. Two had sustained recent head injuries and one 
patient showed evidences of early thyrotoxicosis So far as is known to date 
none of this group has developed frank diabetes One patient had been seen 
for glycosuria 11 years previously and was still classed os renal glycosuna 
Two pairs of brothers occurred m the group 

Qroxtp 3 Jtcnal ghjcosxtria with normal blood-sugar curves This group com- 
prised 158 men and one woman, whore the maximum value of the group 
blood-sugar curve fell between 0 16 and 0 12 gm per 100 c c The ages were 
under 20 in 33 cases, under 30 in 15 cases, under 40 m 74 cases, and above 
40 years m four cases The fasting blood-sugar values all fell below 0 1 gm 
per 100 c c except in four instances, and varied between 0 05 and 0 1 gm 
per 100 CO* in 155, with five below 0 06 gm per 100 cc, 11 below 0 07 
gm per 100 c c , 21 below 0 08 gm per 100 c c , 36 below 0 09 gm per 100 c c , 
and 37 below 0 1 gm per 100 c c In 45 the fnstmg value lay between 0 1 
and Oil gm per 100 oc The average fasting value was 0 089 gm per 
100 c 0 The average curve of the group was 0 089, 0 133, 0 119, 0 100, and 
0 091 gm per 100 o c (Fig 2) The blood-sugar value returned to below 
0 1 gm per 100 cc in 81 instances, and below 0 12 mg per 100 oo in 61, 
with 15 above 0 12 gm per 100 o c , including four above 0 13 and one of 
0 15 gm per 100 c c 

The overnight samples of unno were free from sugar m all except 26 m- 
stances where traces of sugar were present, five where 0 5 gm per 100 c o of 
sugar was present, and five where 1 per cent of sugar was present The 
fastmg samples of unne were free from sugar in all except seven cases 
mcluded m the above 10, and only one con tamed more than a trace of sugar 
All samples passed after the test contained sugar except m one mstanoe, 
varying from traces to 37 with 1 per cent of sugar, 13 with 1 5 per cent of 
sugar, 13 with 2 per cent of sugar, five with 2 6 per cent of sugar, and one 
with 3 per cent In nme instances with over 2 per cent of sugar, the over- 
night and fastmg samples had contamed sugar A trace of acetone was 
found m the urine m the case where most sugar was lost, and one man 
showed much acetone He had been treated for six years on a low carbo- 
hydrate diet for diabetes In four instances the men were aware of glycosuna 
which had been noted on previous medical exammations, and in three oases 
sugar tolerance tests had been carried out four years earher with a similar 
result In eight instances there was no knowledge of glycosuna having been 
found on previous examination for entrance to excise, bonking, and similar 
occupations Certam associated conditions occurred with sufficient frequency 
to amount to symptom complexes Excessive amounts of urobilmogen were 
present m the unne in seven oases, one of whom had been recently under 
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treatment for hepatitis Symptoms of duodenal ulcer were present in six in- 
stances and two patients had undergone gastro-enterostomy Two experienced 
symptoms of hypoglyoaemia with blood-sugar values of 0 005 and 0 060 gm 
per 100 0 0 , three were overweight, with one under treatment with thyroid 
extract Infections, mcluding boils 7, conjunctivitis 4, urmary 3, various 3, 
were found or had been recently present Frequency of micturition, specially 
at night, was complamed of m seven mstances, but thirst only once In six 
cases there was a definite alcohoho history. The great majority of this group, 
120 cases, was classed as uncomphcated renal glycosuria In four instances 
no glycosuria was discovered before or after the sugar tolerance test In four 
there was delay m return of the blood-sugar to normal with values of 0 133, 
0 122, 0 160, and 0 133 gm per 100 o c at two hours These were classed as 
delayed assimilation or delayed storage of glucose with renal glycosuria In 
seven mstances there was contmnous glycosuria with acetonuna m one case 
and urobilmuna m another 

Orcnip 4 Renal glycosuria vnth low blood-sugar curves This group consisted 
of 50 men and two women where glycosuria was present and where the 
blood-sugar value did not overstep 0 12 gm per 100 co after ingestion of 
50 gm of glucose Only three were aged over 40 years, and 27 were over 
30 years of age The average blood-sugar curve of the senes was 0 081, 
0 106, 0 090, 0 089, and 0 076 gm per 100 o o (Fig 2) The fasting blood- 
sugar values showed 39 below 0 09 gm per 100 o o , with 11 below 0 07 gm 
per 100 c c The blood-sugar values returned to below 0 09 gm per 100 c c 
in 35 instances, with 16 showmg values below 0 07 gm per 100 c o The 
overnight samples of unne contained traces of sugar m 13 instance^ and 
0 5 per cent of sugar m two cases The fastmg samples of unne contamed 
no sugar m all except four instances where traces were present Samples of 
unne passed after the test showed traces of sugar m 17 instances, 0 6 per 
cent m eight mstances, 1 0 per cent m five, 1 6 per cent m five, 2 per cent 
m two, and 2 6 per cent m one case In 12 mstances no sugar was found m 
any sample, either before or after the sugar tolerance test In four cases 
contmuous glycosuria was present In one of these there had been recent 
rapid loss of weight Symptoms were few m this group , polyuria was com- 
plained of m three cases and boils had been recently present m two oases 
Two were of poor physique and famted durmg investigation In one instance 
the father of the patient had been proved to have renal glycosuria 10 years 
earher All were classed os renal glycosuria 

Orou'p 5 Renal dxabties This group consisted of 21 men and two women 
(see Table) where the renal threshold for sugar was abnormally low and 
where sugar was continuously present m the urine In all oases except two 
the fastmg samples of urine contamed sugar In addition the blood-sugar 
curves were of the low flat type, the average curve of the senes being 0 086, 
0 109, 0 100, 0 094, and 0 081 gm per 100 c c (Fig 2) In only four mstances 
did the curve overstep 0 13 gm per 100 c c , and m 16 mstances the maximum 
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blood-sugar value did not reach 0 12 gm per 100 c c The fasting values of 
the blood-sugar lay within the usual limits of 0 06 and 0*109 gm per 100 c c , 
with one exception, and with values below 0 09 gm per 100 o o in 16 cases 
The blood-sugar returned to values below 0 07 gm per 100 o c m six cases 
at two hours The amount of sugar lost was large, with over 3 per cent of 
sugar m the samples of urine passed after the test m seven oases In several 
cases repeated samples of urme with 


water diuresis m the fastmg state con- 
tmued to show sugar Some of the 
patients had been completely unaware 
of any abnormahty, while others com- 
plamed of weakness, lassitude, dizzmess, 
and abdominal discomfort Four pa- 
tients showed aoetonuna and suffered 


BLOOD-SUGAR 
6M. PER 100 CC 



from symptoms very suggestive of hypo- kenal glycosuria with normal curves 

glycaemia The amount of sugar lost groups 


was sufficiently large to produce a state 
of reversed diabetic metahohsm simu- 
latmg phlondzm diabetes In three 
instances the patients had been treated 
previously for diabetes, the true na- 
ture of the cause of glycosuria having 


blood-sugar 

GM PER 100 CC. 



FASTING XiHlL IHR MK, 2NR. 


escaped detection. 


RENAL GLYCOSURIA WITH LOW CURVES 
GROUP 4 


Four cases are descnbed m detail 

Case 2 The patient was a wireless 
engmeer, aged 23 years, who complained 
of a feeling of weakness which over- 
took him occasionally He had been 
treated for duodenal ulcer by bght diet 
and Aludrox previously for 10 months 
At first this treatment had helped him, 
but recently his attacks had returned 
He had never suffered from thirst. 


BLOOD -SUGAR 
GMPER 100 CC. 

0 M 

0 10 

0 08 

FASTING IHR. ZHR. 

RENAL aYCOSURIA WITH PERSISTENT AND 
SEVERE GLYCOSURIA GROUP 5 

Pig 2 



polyuria, or skm sepsis His weight was 

unaltered and bowels regular He was a keen, active man and not anaemic 
The pulse-rate was 76 and blood-pressure 130/70 The heart-sounds were 
normal There was no evidence on chmcal examination of duodenal ulcer or 
of chronic appendicitis The mouth and throat were clean and reflexes 
normal A fractional test-meal showed moderate hyperacidity of the fastmg 
stomach contents, but normal acidity m response to the meal No occult 
blood was present m the stomach contents A sugar tolerance test gave the 
following blood-sugar curve, fastmg 0 062, with later values of 0 129, 0 085, 
and 0 054 gm per 100 o o The overnight sample of unne contamed sugar 
and urobihnogen but no acetone , the fastmg sample of urme contamed 
a trace of sugar and the sample passed after the test contained 3 per cent 
of sugar The patient had symptoms of hypoglycaemia towards the end of 
the sugar tolerance test, becoming pale and dizzy with cold perspiration 
He said that this was the type of attack of which he complamed This man 
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0 067, 0 048, 0 072, and 0 064 gm per 100 cc with sugar present m all 
samples of urine On 21 6 46 as an out-patient, the unne still contained 
sugar with a blood-sugar value of 0 085 gm per 100 c c 

Dxsciiseion 

Beference m the literature to this type of disturbance of carbohydrate 
metabolism is scanty Wilder (1940) quoted a case of renal glycosuria where 
sugar was passed m the unne in the fasting state with a blood-sugar value 
of 0 092 gm per 100 c c and after a sugar tolerance test with blood-sugar 
returning to 0 070 gm per 100 c c , and pointed out that renal dextrosuria 
may result m hypoglycaemia when the renal threshold is greatly depressed 
He mentioned a case where the renal threshold was so low that 60 gm of 
glucose was lost m the unne daily on a diet containing 100 gm of carbo- 
hydrate, and ketonuna was also present Macpherson (1941) described 
a case of renal glycosuria with hypoglycaemia in a soldier, where the blood- 
sugar curve was 0 08, 0 14, 0 06, 0 052, and 0 08 gm per 100 c o An attack 
of hypoglycaemia occurred dunng the teat Patterson (1926) described 
a similar case where ketonuna was also present 

The present senes indicates that the incidence of this condition is greater 
than records in the hterature would suggest The pathogenesis remains 
obscure, but if it be assumed that abnormally low values of the renal 
threshold are primary, then hyiiermsulmism may be compensatory to depress 
the blood-sugar and hjcuit the degree of glycosuria The duration of this 
type of glycosuna is not temporary since sugar tolerance tests were repeated 
iniour cases of the senes with similar results at mtervals up to four years 
The type of sugar passed has not been identified m the senes, but has 
always been increased m amount on ingestion of glucose Glucosazone was 
easily formed from the sugar passed in the fastmg state in Case 22 Analysis 
of the whole group shows that the incidence of glycosuria m the male 
population between the ages of 18 and 40 years approaches one per cent , 
a figure which compares closely with 0 8 per cent found by Blotner and 
Hyde (19436) Of such cases of glycosuna discovered accidentally, about 
10 per cent are diabetics, mostly m the early stages of the disease, and 
90 per cent are cases of renal glycosuna Earher mvestigations did not 
mdioate that renal glycosuria was so common There are two possible 
reasons for this anomaly The figures for earher senes, such as those of Joshn, 
Boot, White, and Marble (1940) who found 44 cases in 13,000 glycosurics, 
Pitz (1931) who found 36 cases m 10 years, Marble, Joshn, Dublin, and 
Marks (1939), and Fowler (1933), were mostly drawn from patients already 
m hospital As most patients with renal glycosuna are without symptoms, 
they are not admitted to hospital m the ordinary course Also the cntena 
for the diagnosis of renal glycosuna vary with different workers If this 
diagnosis be hmited to glycosuna at fastmg levels of the blood-sugar, as 
suggested by Marble, Joshn, Dublin, and Marks (1939) and Joshn, Root, 
White, and Marble (1940), then the condition is rare, but if glycosuna at 
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was observed later at Manchester Royal Infirmary where these findmgs 
wore confirmed Sugar was found m the urine at each attendance at a follow- 
up olmio and the blood-sugar values two hours after food lay between 0 086 
and 0 095 gm per 100 o c lam indebted to Dr A G Hepplestone for the 
note on the further record of the case 

Case 5, a man aged 20 years Admitted to Woodend Hospital 1 2 37 with 
pneumonia Ho recovered completely by cnsis in five days but was fotmd 
to have sugar in the unno (0 7 gm per 100 c c ) A blood-sugar curve on 
12 2 37 gave 0 OG, 0 087, 0 081, 0 006, and 0 062 gm per 100 oc Much 
sugar was present in all specimens of unne He was discharged on 3 3 37 
and with a diagnosis of renal glyoosuna On 19 9 40 he was referred to 
hospital by his doctor who had found sugar in his unne, confirming a finding 
made by a Koyal Air Force medical board A sugar tolerance test at this 
time gave 0 085, 0 081, 0 081, 0 062, and 0 062 gm per 100 c o , with 1 5 per 
cent of sugar in the fasting sample of unne and 3 per cent m the sample 
passed after the test Ho said that ho knew that he had had diabetes for thiee 
years, but had taken an ordinary diet except for sugar in tea He ate sweets 
and biscuits as obtainable In addition the unne contained pus, and right- 
sided pyehtis was diagnosed, for which he was later treated On 11 3 41 he 
again presented himself for medical examination The blood-sugar curve 
gave 0 072, 0 104, and 0 077 gm per 100 o c and all samples of unne con- 
tained much sugar The unno deposit then contained only a few pus oeUs 

Case 22, a girl aged 10 years The patient complained m June 1944 of 
attacks of pam in the right lumbar region Pull clinical exammation revealed 
no abnormality A pyelogram was normal Sugar was present in the unne 
and a sugar tolerance test on 20 6 44 gave a low curve, 0 106, 0 113, 0 109, 
and 0 096 gm per 100 o o The overnight and fasting samples of urme con- 
tained 1 gm per 100 c c of sugar and a sample of unne passed after the 
test showed 2 6 gm per 100 c o of sugar In January 1946 laparotomy was 
performed and the abdomen was found to contain a small amount of free 
fluid and inflamed mesenteno glands The appendix was normal but was 
removed The patient made a poor recovery and a slow convalescence and 
did not feel fit to work Sugar was contmually present in the unne At 
a later period of hospital observation, daily samples of urine were collected 
on a diet of 2,100 calones with 160 gm of carbohydrate For a penod of 
10 days the unne volume lay between 28 and 44 oz with from 1 0 to 1 6 gm 
per 100 c c of sugar and a total loss of 16 to 17 gm of glucose daily The 
sugar tolerance test now gave a very low curve, 0 062, 0 077, 0 081, and 
0 100 gm per 100 oo In the fasting state, water was given to drink and 
hourly samples of unne collected Sugar was present m all samples, although 
the urea content fell progressively over four hours from 2 2 to 0 3 gm per 
100 0 c Glucosazone was formed from the sugar m the urme 

Case 23, a man aged 22 years The patient complamed of headaches, 
thirst, poljnma, and nervousness for two years Noctuna had been trouble- 
some at times, with enuresis occasionally He had lost weight and sufiered 
from ciddy attacks He had been discharged from the army and was said 
to have diabetes A sugar tolerance test on 2 10 42 gave 0 086, 0 129, 0 060, 
and 0 077 gm per 100 c c All samples of unne contained sugar, and acetone 
freouently present The patient was admitted to the Aberdeen Royal 
T firmarv on 7 12 44 complaining of persistent attacks of dizzmess during 
the night and also of polyuna A tolerance test at this time showed 0 037, 
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0 067, 0 048, 0 072, and 0 064 gm per 100 oo vnth sugar present m all 
samples of unne On 21 6 46 as an out-patient, the urme still contamed 
sugar with a blood-sugar value of 0 085 gm per 100 c c 

Discussion 

Reference m the hterature to this type of disturbance of carbohydrate 
metabolism, is scanty Wilder (1940) quoted a case of renal glycosuria where 
sugar was passed in the unne in the fasting state with a blood-sugar value 
of 0 092 gm per 100 o c and after a sugar tolerance test with blood-sugar 
returning to 0 070 gm per 100 c o , and pomted out that renal dextrosuria 
may result m hypoglycaemia when the renal threshold is greatly depressed 
He mentioned a case where the renal threshold was so low that 60 gm of 
glucose was lost m the urine daily on a diet containing 100 gm of carbo- 
hydrate, and ketonuna was also present Maophersou (1941) described 
a case of renal glycosuna with hypoglycaemia m a soldier, where the blood- 
sugar curve was 0 08, 0 14, 0 06, 0 052, and 0 08 gm per 100 c c An attack 
of hypoglycaemia occurred during the test Patterson (1926) described 
a similar case where ketonuna was also present 

The present senes indicates that the moidence of this condition is greater 
than records m the hterature would suggest The pathogenesis remains 
obscure, but if it be assumed that abnormally low values of the renal 
threshold are pnmary, then hyj)ermsulinism may be compensatory to depress 
the blood-sugar and ]i,mit the degree of glycosuria The duration of this 
type of glycosuna is not temporary since sugar tolerance tests were repeated 
in four cases of the senes with similar results at mtervals up to four years 
The type of sugar passed has not been identified m the senes, but has 
always been increased m amount on mgestion of glucose Glucosazone was 
easily formed from the sugar passed in the fastmg state m Case 22 Analysis 
of the whole group shows that the moidence of glycosuria in the male 
population between the ages of 18 and 40 years approaches one per cent , 
a figure which compares closely with 0 8 per cent found by Blotner and 
Hyde (19436) Of such cases of glycosuna discovered accidentally, about 
10 per cent are diabetics, mostly m the early stages of the disease, and 
90 per cent are cases of renal glycosuna Earlier mvestigations did not 
mdicate that renal glycosuna was so common There are two possible 
reasons for this anomaly The figures for earher senes, such as those of Joshn, 
Root, White, and Marble (1940) who found 44 oases in 13,000 glycosurios, 
Fitz (1931) who found 36 oases m 10 years, Marble, Joslm, Dublm, and 
Marks (1939), and Fowler (1933), were mostly drawn from patients already 
m hospital As most patients with renal glycosuna are without symptoms, 
they are not admitted to hospital in the ordinary course Also the ontena 
for the diagnosis of renal glycosuria vary with different workers If this 
diagnosis be hmited to glycosuna at fasting levels of the blood-sugar, as 
suggested by Marble, Joslm, Dublm, and Marks (1939) and Joslm, Root, 
White, and Marble (1940), then the condition is rare, but if glycosuna at 
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any level of the blood-sugar below 0 15 gm per 100 o c be classed as renal, 
then this abnormality is relatively common in the general male population, 
although it seems to be uncommon amongst women Recognition of general 
manifestations of mild hypoglycaemia of this type derives from other Bources 
Thus, Alexander and Portis (1944) mado a study of hypoglycaemia as the 
basis of the neurotic symptom of fatigue Glucose tolerance tests showed 
flat curves in the majority of oases, although the basal blood-sugar was not 
below the normal limits They postulated a type of vagal hypennsulinism 
in these cases There is at present no clear explanation of the pathogenesis 
of renal glycosuna Some workers, such as Mirsky and Nelson (1943), state 
that the rate of glomerular filtration exceeds that of tubular reabsorption 
for glucose in renal glycosuna and either or both may be abnormal, but, as 
shown by Friedman, Solzer, Sugarman, and Sokolow (1942), the effective 
renal blood flow, glomerular filtration, and filtration fraction are within 
normal limits in moderate renal glycosuna In addition, their observations 
indicated that at higher levels of blood-sugar, tubular reabsorption of glucose 
was bettor than in normal persons, although reabsorption at low levels of 
the blood-sugar was impaired In any case it is generally agreed that the 
renal threshold for sugar may vary in otherwise normal persons between 
the levels of 0 18 gm per 100 c c and low fasting levels In view of the 
fact that those with very low levels may continually lose much sugar by 
this means and many develop symptoms attnbutable to this abnonnahty, 
a differentiation should bo made between this syndrome and simple renal 
glycosuna The term renal diabetes, which m fact desenbes the syndrome, 
seems smtable for this purpose 


Summary 

In 387 cases of moidental glycosuna, 41 were classified as diabetes or m 
the prediabetic state, 112 as doubtfully diabetic, 169 as renal glycosuna 
with blood-sugar curves nsmg to 0 16 gm per 100 c o , 62 as renal glycosuna 
with blood-sugar curves up to 0 12 gm per 100 c o , and 23 as renal glyco- 
suna with low values of the blood-sugar and persistent glycosuna even 
at fasting levels of the blood-sugar The last group is considered m detail 
and it 13 suggested that the term renal diabetes should be used for this 
syndrome 
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CLINICAL ASPECTS OF POLYARTERITIS NODOSA ^ 

By henry G miller and RAYMOND D ALE Y 

(From the Medical Dmsion of Princess Mary’s 
Royal Air Force Hospital, Halton) 

Introduction 

SiNOE the clmioal and pathological definition of polyarteritis (pen-artentis) 
nodosa by Kussmanl and Maier m 1866, and the formulation 12 years later 
of Meyer’s (1878) diagnostic triad of chlorotic marasmus, polymyositis and 
polyneuritis, and gastro-mtestmal symptoms, more than 400 cases have been 
recorded Nearly 200 of these appear m the English and American literature 
Nevertheless, polyarteritis nodosa is stiU more often diagnosed at autopsy 
than durmg life, and although the proportion of oases recognized ante mortem 
m the more recently recorded material is substantially higher than the 
12 per cent estimated by Spiegel m 1936, cases are often mi^ed even in 
the largest hospitals and by the most experienced physicians This entails 
not only a loss of valuable clmical and pathological information, but also the 
sterilization of such therapeutic endeavour as is suggested by recent work 
on the aetiology of the condition We beheve that this diflSculty is only in 
part inherent m the behaviour of the disease, and that m many oases it is 
due either to failure to consider the diagnosis m a difficult cose, or to rejec- 
tion of the diagnosis, once considered, because of the absence of one or more 
signs, such as subcutaneous nodules or eosmophiha, which are considered 
t3p)ical, but are actually of infrequent occurrence The present paper is an 
attempt to clarify the clmical picture of polyarteritis nodosa with reference 
to the more important hterature and to diagnostic difficulties recorded and 
personally encountered. 

Aetiology 

It has long been recognized olinioally that polyarteritis nodosa may follow 
specific bacterial infections The role of streptococcal infection was stressed 
by many of the earher writers, while tonsiUitis (Vinmg, 1938), smusitis 
(Boyd and Nussbaum, 1936), erysipelas (Dietnch, 1933), scarlet fever with 
or without glomerulonephritis (Manges and Baehr, 1921, Ophuls, 1923, 
Spiegel, 1936 , Selye and Pentz, 1943), infected wounds (Lmdberg, 1933), and 
gonococcal (Helpem and Trubek, 1933) and memngococcal (Spiegel, 1936) 
infections have all preceded polyarteritis in recorded cases There is some 
evidence that tnchmiasis (Beimann, Price, and Herbut, 1943), tuberculosis 
(Trasoff and Scarf, 1940 , Reyna and Cardeza, 1943), and syphilis (Chvostek 
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and Woiohsolbanm, 1877 , Klotz, 1917 , Gruber, 1926 , Gray, 1032 , VoUand, 
1936) may occasionally stand m a similar relationship to the condition, whfle 
throughout the recorded material one cannot fail to bo impressed by the 
frequency with which non-specific minor respiratory infections were ante- 
cedent to the illness 

The not infrequent finding, in cases reported early in the century, of 
evidence of streptococcal infection cither during life or on bacteriological 
oxammation of autopsy tissues, led to a suspicion that this orgatusm stood 
in some specific relation to polyarteritis nodosa Frequent clinical and 
pathological failure to demonstrate streptococci, however, militated against 
the general acceptance of this idea, which gave place to the tacit assumption 
that the causal organism was an unidentified ultramicroscopio virus There 
was no positive evidence m favour of this view, and it ignored the frequency 
of the various antecedent bacterial infections so often observed in relation 
to the disease Experimental attempts to reproduce the disease (von Hann, 
1920, Hams and Friedncba, 1922) had m common their dependence on 
repeated injection of foreign tissue extracts into expenmental animals, and 
the absence of satisfying confiinnation of claimed results by subsequent ex- 
perimenters 

A more hopeful Ime of approach was suggested by the observation that 
polyarteritis had followed scrum sickness after the administration of anti- 
pneumococcal serum (Clark and Kaplan, 1937) and had also ensued after 
allcrgio manifestations provoked by non-bactenal antigens (EhrstrSm, 1938) 
These observations, the general relationship of acute and subacute rheumatism 
to polyarteritis, and the finding of Aschoff bodies at autopsy m this condition 
(Rothstein and Welt, 1933 , Fnedberg and Gross, 1934 , Spiegel, 1936), 
indicated the possibility that the development of polyarteritis might be 
related to allergy -immunity meohamsms rather than to the preceding infec- 
tion itself Other cbmcal observations have shown that positive evidence of 
a past or family history of allergic phenomena is found m 16 per cent 
(Hams, Lynch, and O’Haro, 1939) and of asthma m 18 per cent of cases 
(Wilson and Alexander, 1946) Certainly asthma, pruritus, urticana, angio- 
neurotic oedema, glomerulonephritis, and other symptoms commonly con- 
sidered to be related to hypersensitive states are found as ohmoal features of 
an appreciable proportion of developed cases Recent clinical and experi- 
mental observations (Gruber, 1926 , Swift, Denok, and Hitchcock, 1928 , 
Masugi and Sato, 1934, Ehrstrom, 1938) have related polyartentis nodosa 
to other allergic phenomena, and the studies of Cohen, Kbne, and Young ^ 
(1936) have shown the histological similarity of the vascular lesions of poly- 
artentis to the milder and essentially reversible changes found in the 
histamine-reaction and the allergic wheal In particular the clinical and 
experimental studies of Rich (1942) and Rich and Gregory (1943) have 
clarified this relationship These latter workers found lesions of polyartentis 
nodosa m patients dying after serum sickness and also after manifestations 
of hypersensitivity to sulphonamides, and demonstrated the experimental 
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production of polyartontia nodosa, sometimes accompanied by glomerulo- 
nephritis, in rabbits after the establishment of an anaphylactic state, 
analogous to human serum sickness, by the repeated m]eotion of foreign 
serum This work clearly estabhshes that some oases of polyarteritis repre- 
sent non-specific manifestations of anaphylactic hypersensitivity to various 
antigens, a possibility sug^ted 20 years ago by Gruber (1925) It seems 
likely that the responsible antigen is usually bacterial in ongm, but further 
cases have been reported, apparently related to hypersensitivity to sulphon- 
anndes (Rosenak and Maschmeyer, 1946), while desoxycorticoaterone acetate 
(Selye, Beland, and Sylvester, 1944), thiourea (Gibson and Quinlan, 1946), 
organic arsemcals (Miller and Nelson, 1946), and iodine (Rich, 1946) have 
also come under suspicion as possible aetiological agents The search for a 
possible antigen and for famihal or personal evidence of an allergic history 
is thus an important feature m the diagnosis of a suspected case Controlled 
mtradermal testmg with suspected antigens may prove useful, though in the 
few cases of which we have had personal experience it has yielded dis- 
appomtmg results The therapeutic importance of an attempt to identify 
and ehmmate the suspected antigen is evident, and when it cannot be 
identified, but is suspected to be of haotenal origin, the administration of 
antibiotics is rational and might be expected to produce occasional results in 
cases where the changes are not already irreversible Improvement (Foster 
and Malamud, 1941) and recovery (Goldman, Dickens, and Schenker, 1942) 
have already been recorded in some coses after the administration of sulphon- 
anudea, though m none of these cases was the preceding aetiological agent 
clearly identified 


Pathology 

The morbid anatomy of the condition is well descnhed by Gruber (1926) 
ond Arkm (1930) For climcal purposes it is enough to say that polyarteritis 
nodosa represents a destructive * inflammatory-necrotizing ’ reaction of the 
vascular tree, in which the small elastic arteries and arterioles, such as those 
of the heart, skeletal musculature, and mesentery, are chiefly affected, and 
With a tendency to heahng by granulation, scamng, and occasional aneurysm 
formation. Pen-artentis is a misnomer , the lesion is essentially a necrotizing 
panartentis with fibrmoid necrosis, affecting all coats of the artery, but 
imtially the inner media and submtima, and with peri-arteritis as a secondaiy 
phenomenon The lesions occur m crops They are found along the length 
of the vessel, and on section often involve only a segment of the artenal 
circumference, hence the necessity for serial sections of biopsy matenal if the 
not mfreq^uent error of discardmg the diagnosis on the strength of one biopsy 
section showing a healthy vessel wall is to be avoided There is fibrmoid 
exudation with conseq^uent swelhng of the vessel wall, separation of the 
internal elastic lamma, infiltration with inflammatory cells, obhteration of 
the lumen by mural swelling, and frequently thrombosis and recanahzatiou 
The weakened and necrotic wall granulates, becomes scarred, and may yield, 
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and Woiohselbaum, 1877 , Klotz, 1917 ; Gruber, 1920 , Gray, 1932, VoUand, 
1935) may occasionally stand in a similar relationship to the condition, while 
throughout the recorded matenal one cannot fail to be impressed by the 
frequency with which non-specific minor respiratory infections were ante- 
cedent to the illness 

The not infrequent finding, m cases reported early in the century, of 
evidence of streptococcal infection either during life or on bacteriological 
oxamination of autopsy tissues, led to a suspicion that this organism stood 
in some specific relation to polyarteritis nodosa Frequent ohmcal and 
pathological failure to demonstrate streptococci, however, militated against 
the general acceptance of this idea, which gave place to the tacit assumption 
that the causal organism was an unidentified ultramicroscopio virus There 
was no positive evidence m favour of this view, and it ignored the frequency 
of the various antecedent bacterial infections so often observed in relation 
to the disease Experimental attempts to reproduce the disease {von Haun, 
1920, Hams and Fnednehs, 1922) had in common their dependence on 
repeated injection of foreign tissue extracts into expenmental animals, and 
the absence of satisfying confirmation of claimed results by subsequent ex- 
perimenters 

A more hopeful line of approach was suggested by the observation that 
polyarteritis had followed serum sickness after the administration of anti- 
pneumococcal serum (Clark and Kaplan, 1937) and had also ensued after 
allergic manifestations provoked by non-bactenal antigens (Ehrstrftm, 1938) 
These observations, the general relationship of acute and subacute rheumatism 
to polyartentis, and the finding of Aschoff bodies at autopsy in this condition 
(Bothstem and Welt, 1933 , Fnedberg and Gross, 1934 , Spiegel, 1936), 
indicated the possibility that the development of polyartentis might be 
related to allergy-immunity mechamsms rather than to the preceding infec- 
tion itself Other chmeal observations have shown that positive evidence of 
a past or family history of allergic phenomena is found m 15 per cent 
(Hams, Lynch, and O’Hare, 1939) and of asthma m 18 per cent of cases 
(Wilson and Alexander, 1945) Certainly asthma, pruritus, urticana, angio- 
neurotic oedema, glomerulonephritis, and other symptoms commonly con- 
sidered to be related to hypersensitive states are found as climcal features of 
an appreciable proportion of developed cases Recent climcal and experi- 
mental observations (Gruber, 1926, Swift, Denck, and Hitchcock, 1928, 
Masugi and Sato, 1934, Ehrstrom, 1938) have related polyartentis nodosa 
to other allergic phenomena, and the studies of Cohen, Kline, and Young 
(1936) have shown the histological sumlarity of the vascular lesions of poly- 
artentis to the milder and essentially reversible changes found in the 
histamine-reaotion and the allergic wheaL In particular the climcal and 
expenmental studies of Rich (1942) and Rich and Gregory (1943) have 
clarified this relationship These latter workers found lesions of polyartentis 
nodosa m patients dying after serum sickness and also after manifestations 
of hypersemtmty to sulphonamides, and demonstrated the experimental 
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intervals Tte number of nodules and the total area of discoloured skin have 
waxed and waned His general condition is much improved m the summer, 
when he gams weight and is able to do half a day’s work On one occasion 
he was found to have a mild lower motor neurone seventh nerve weakness, 
and later an area of bluish skm over the dorsum of the first right metatarsal 
bone was found to be anaesthetic to pm pnok and hght toueh When last 
seen in February 1946, his ohnical condition was httle changed, but the 
total white-ceU count had risen to 24,000 per o mm with 85 per eent poly- 
morphonuclear cells, and the erythrocyte sedimentation rate was 86 mm m 
one hour A 30 gm course of sulphapyndme and 4,000,000 units of pem- 
ciUin administered over a period of eight days failed to alter the chnical 
course of the disease 

Case 2 A eyndrome of bentgn recurrent peripheral thromboses with sub- 
cutaneous nodules, but without serious systemic upset or any evidence of visceral 
involveftnenty showing the histologtcal picture of acute arlentis and pen-artentis 
on muscle biopsy 

A 40-year-old officer, with no significant past or family history, except 
that hifi mother had had a leg amputated in late life for some vascular dis- 
order, had a total dental extraction in October 1939, after which be felt 
unwell, and m November had a few days acute pam m the nght testicle 
which cleared up In June 1940, he was seized with acute pain in the nght 
calf accompanied by swelling of the calf muscles and the ankle Fourteen 
days later this was followed by a recurrence of acute pam m the nght testicle 
persisting for about a week Within a month of the onset the symptoms had 
cleared and he returned to work In September 1940, he had a recurrence 
of similar symptoms affectmg the nght leg, m association with a carbuncle 
in the left axilla As in the previous attack, he had no fever, but during 
this second episode he developed painful, tender spots on the anterior aspect 
of the medial epicondyle of the left elbow and over the ramus of the right 
mandible There were also aohmg pams in the nght ankle and knee-jomt 
After SIX weeks of rest he recovered completely and returned to work In 
January 1941, he had a further attack of nght testicular pain accompanied 
by severe aching pains m the nght leg and in both arms He developed 
tender nodules m the muscles of the nght calf, and a diagnosis of thrombo- 
phlebitis migrans was made Full hospital investigations revealed no signi- 
ficant findmgs , blood counts, X-rays of chest, smuses and teeth, blood 
Wassenuann and gonococcal complement fixation tests, blood-pressure, urine, 
and erythrocyte sedimentation rate were all normal, and he recovered within 
five weeks Except for recurrent funinculosis m September and October 
1942, he was well until August 1943, when he developed pain, swelhng, and 
redness m the right ankle, spreading up the nght calf and associated with 
an area of sensory loss over the heel On this occasion he showed a more 
marked constitutional disturbance, with a sore throat and widespread en- 
largement of lymphnodes, and was readmitted to hospital Over both legs 
ho showed patchy areas of dusky, hard, inflammatory swelling varying from 
a half to one and a half mohes in diameter, some apparently m relation to 
superficial veins, others deep and nodular Suspicions of erjd^hema nodosum 
were discarded when he developed several small, subcutaneous, non-tender 
nodules in the forearms These showed no discoloration and no evident in- 
flammatory reaction Biopsy of a small nodule on the anterior aspect of the 
left leg showed that it was in fact related to a small artery and not to a 
vein, and the appearances of this vessel with mural oedema, fibrmoid necrosis, 
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forming multiple small aneurysms These aneurysms may present as palpable 
subcutaneous nodules which have been recorded m not more than 16 per 
cent, of cases (Hams, Lynch, and O’Hnre, 1930), and are usually filled mth 
organizing thrombus, although occasionally pulsatile Similar nodules are 
an occasional olinioal finding in cases without pathological aneurysm forma- 
tion, when they may result simply from marked local swelhng of the vessel 
wall with foci of penvascular oedema and cellular infiltration (Spalding, 
1940), or from similar foci sometimes found independent of blood vessels 
(van Bogaert, Stolz, and Ley, 1032) Despite some histological objections, 
summarized by Vming (1938), there is much evidence to suggest that the 
arterial changes of polyarteritis nodosa differ only m degree from the less 
severe acute arteritis with mural cellular infiltration which is seen m acute 
rheumatism (von Glahn and Pappenheimer, 1926, Shaw, 1929, Fraser, 
1934) Indeed, suoli minimal changes may be found as the only mamfesta- 
tions of polyarteritis in mild cases, or in the less severely mvolved vessels of 
florid cases Perhaps the most remarkable feature of the condition is that 
the vascular changes may on occasion be limited almost entirely to the vessels 
of one system or to a few isolated organs, with the result that no single 
clinical finding is invariably present Not only fever and leucocytosis, but 
oven blood and albumin in the urine, may be absent throughout prolonged 
penods of observation In cases with neurological signs particularly, there 
may be no clinical evidence and only scanty histological evidence that other 
tissues are involved (Kemohan and Woltman, 1938) Two of our own histo- 
logically verified oases are remarkable for their chrome course and for the 
absence of any evidence of gross visceral involvement durmg several years' 
observation 

Case 1 Becxtmnt stibcxitmieous nodules and skin manifestations in a boy of 
14 years with symptoms persisting after Jive years' observation 

A boy of 14 years was first admitted to hospital m December 1941 He 
complained of the presence of crops of painful nodules over both shoulders 
and of a dull aching pam in both knees durmg the previous week In view 
of his temperature of 102°F, pulse rate of 100, and an apical systohe 
murmur, he was diagnosed as a case of rheumatic fever During the next 
few months his temperature and pulse rate gradually subsided, although 
they were apparently uninfluenced by sahcylates, and he continued to 
develop fresh crops of nodules over the trunk and limbs every two or three 
weeks The lesions were small and there was no discoloration or tenderness 
\ After seven months he was transferred to a convalescent home, only to ho 
readmitted m November 1942, when exammation revealed multiple, diffuse, 
bluish-purple areas of skm discoloration on his trunk and the flexor surfaces 
of the hmbs The nodules were more profuse than previously, many showed 
a bluish discoloration and were tender, and they were scattered over all areas 
of the body except the head and neck He was then afebnle, with a normal 
nulse-rate and normal heart sounds His blood-pressure was 125/90, and aU 
relevant mvestigations were negative Early m 1943 a nodule from the left 
nif was removed and showed the histological changes of acute artentis and 
en arteritis nodosa Durmg the past two years he has been seen at frequent 
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in recovered cases 12 months after diagnosis by biopsy That it may be 
chnioahy so is demonstrated by the case of von Hann (1920) returned to full 
military service after an authenticated illness Scrutiny of the recovered 
cases in the literature mdicates the apparent mfreq^uenoy of residual disability 
Alkiewicz (1933) recorded a patient survivmg and healthy 26 years after 
recovery 

The widespread nature of the pathological changes is reflected in symptoms 
so vanable, scattered, and superficially unrelated that no standard clinical 
description can do justice to the polymorphic nature of the illness There 
are, however, some features which, if not universal, are so frequent that m 
their absence a clmical diagnosis of polyarteritis should be entertained with 
reluctance Fever probably occurs at some time during the course of the 
disease in every case, being observed m 80 per cent of those recorded by 
Hams, Lynch, and O’Hare (1939), though there may be prolonged afebrile 
penods even when the condition is progressive More than half the oases 
have an acute onset and this is usually febrile When fever does occur it 
may be low and irregular, but quite often it is high, prolonged, and altogether 
more severe than can be accounted for by the findings on olmical exanuna- 
tion Tachycardia is usually pronounced and often more marked than would 
be expected from the degree of fever Polymorphonuclear leuoocytosis, often 
reaching high figures, is found m the large majority of cases, 70 per cent 
according to Hams, Lynch, and O’Hare (1939), and it is observed at times 
even m the absence of fever, whilst an increased count or a shift to the left 
may be associated with comphcations or an extension of the disease More 
rarely leucopenia (Matras, 1938) or a marked relative lymphocytosis has 
been recorded (Motley, 1936 , Spiegel, 1936 , Grant, 1939), and m one of 
Spiegel’s cases it led to a mistaken diagnosis of monocytic leukaemia The 
erythrocyte sedimentation rate has been constantly raised m cases where it 
was recorded, and this is probably related to a lowered serum protein with 
reversal of the albumin globubn ratio Chmcally these general signs of an 
infective process are puzzling because in the majority of cases no significant 
infective focus can be found, despite exhaustive clmical investigations, and 
many cases of polyarteritis nodosa are labelled ‘ pyrexia of unknown origin ’ 
for prolonged penods Since Datnowski (1909) desonbed eosmopbiUa m the 
condition it has been accepted as a typical feature, but although high figures 
have been recorded (79 per cent of 32,000 white blood cells (Strong, 1928)) 
84 per cent (Wilson and Alexander, 1946)), it is in fact a rare findmg, 
occurring in less than 20 per cent of cases (Middleton and McCarter, 1935, 
Hams, Lynch, and O’Haxe, 1939) and usually with antecedent or coincident 
asthma In our own experience eosinophilia may be found in only one of 
many serial blood examinations A moderate anaemia of orthochromic or 
hypochromic type, with red-cell counts falling os low as 3,000,000 per c mm 
in long-standing cases, is found in about half the recorded material 
Pathologically the kidneys are the organs most frequently involved, 
showing lesions at autopsy m 87 per cent of coses (Hams, Lynch, and 
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cellular infiltration, with polymorphs, lymphocytes and eosmophls, pen* 
arterial infiltration and eraall haemorrhages, were considered typical of an 
acute arteritis and pon-artoritis of polyarteritis nodosa type Again he 
recovered, and returned to duty in October He remained well untU October 
1946, but since this time has had three further minor attacks of pain and 
swelling, on these occasions in the loft calf, and in one of these attacks there 
was also severe pain m the loft cl bow -joint, and a subcutaneons nodule on 
the abdominal wall There is still no evidence of visceral involvement, and 
his general condition remains good 

In general, the symptomatology can be deduced from the usually wide- 
spread pathological involvomont of the vascular system The oharactenstio, 
though rarely scon, subcutaneous nodules represent the actual lesion ’m the 
artery , most of the other symptoms arc secondary results of tissue ischaemia, 
and are protean in nature, depending on the accident of situation The third 
category of symptoms, comprising skin eruptions and necroses, which are 
particularly evident in some childhood cases, myocardial Asohofi nodes, 
veiTucoso endocardial vegetations, and possibly some vaneties of polyneuritis, 
may bo toxic in nature 

The Natural History of the Disease and its General Features 

Polyarteritis nodosa may occur at any age, and three months and 78 years 
represent the recorded extremes Males predominate in a ratio of at least 
three to one, and the maximum mcidcuco is in the third decade The dura- 
tion of the condition vanes from a few days (Fishberg, 1923) or even a few 
hours (Thinncs, 1924) to several years Recurrent symptoms over penods of 
four (Jager, 1933) to 14 years (Hemnch, 1937) have been recorded on half 
a dozen occasions, though the average length of the illness is from six to 
12 months 

The chief reviews m English of the ohnioal hterature of polyartentis 
nodosa are those of Lamb (1914), Strong (1928), Curtis and CoSey (1934), 
and Harris, Lynch, and O’Hare (1939) Many of the earber oases are 
inadequately reported, while changed orientations have led to changed 
accentuation even in the cbcitation of clinical histones, as for instance in 
the role of allergic factors, and only the last of these reviews, dealmg with 
101 cases recorded m the English literature with 87 autopsies, is of much 
value as indicating the approximate numencal frequency of ohtuoal features 
and prognosis In this latter direction the figures have been unduly weighted 
by the number of reported cases commg to autopsy, and it is noteworthy 
that although the disease was at first considered mvanably fatal, the 
percentage estimate of recovery has nsen steadily since Benedict (1907) 
reported the first recovery, from Lamb’s (1914) five per cent, to Grant’s 
(1939) observation that of 60 cases recognized dunng life, half recovered 
In view of the difiSculties of diagnosis this is almost certainly an under- 
estimate of the actual recovery rate That recovery may he pathologically 

mnlete is shown by the observations of Reimann, Price, and Herbut (1943) 
^nd Erlandsson (1931) who demonstrated the absence of lesions at autopsy 
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for the previous four months He had a past history of gonorrhoea at the 
age of 22 years and of the common illnesses of childhood He was of good 
physique and had no abnormal physical signs m the heart or chest, and 
a normal blood-pressure There was diffuse epigastric tenderness, several 
localized tender areas m both glutei medu and calves, and pain m the 
lumbar region and down the legs on straight leg raismg The right knee- 
jerk and both ankle-jerks were absent and there was bilateral patchy 
hypalgesia of stocking distribution The plantar reflexes were flexor and the 
remainder of the central nervous system showed no abnormal findings He 
had a haemoglobm of 80 per cent and a leuoocjdiosis of 14,000 cells per c mm , 
predominantly polymorphonuclear cells, but with 5 per cent of eosinophil 
cells Htr er^hrocyte sedimentation rate was 50 mm m one hour, and his 
urine showed a trace o^ albumm, a few granular casts, and a moderate 
number of red blood cells and pus cells All other mvestigations, including 
X-ray studies of the spme, barium meal and barium enema examinations, 
and examination of cerebrospinal fluid, were negative He remamed in 
hospital for six weeks, mamtaming an irregular fever reaching a maximum 
of 100 6° F m the evemngs, before he had a large meloena which reduced 
his haemoglobm to 63 per cent After recovermg from this a further banum 
meal was agam normal, but m view of the combmation of fever, polyneuritis 
and contmuing abdommal pam, a muscle biopsy was performed on the right 
calf, and senal sections showed the typical changes of subacute polyarteritis 
nodosa with hyahne necrosis of the vessel walls, cellular infiltration, and 
some evidence of healmg By October 1941 his blood-pressure had risen to 
180/110 and remamed about this level throughout subsequent observation, 
while his urme still showed cells and casts as above , the sensory changes m 
the legs had disappeared, and the right knee-jerk had returned, but the 
erythrocyte sedimentation rate remamed at 24 mm m one hour, and his 
white blood count was 8,000 per c mm , with a normal differential count 
He finally took his discharge from hospital m November 1941, considerably 
improved, but still complainmg of upper abdominal pam unchanged by diet 
and alkalis 

Although changes m the central nervous system are extremely rare, 
a painful peripheral neuritis, usually bilateral, and often asymmetncal, is 
a common findmg, particularly m the lower bmba 

The general discomforts of a severe and contmued toxic illness, with loss 
of weight, nausea and vomitmg, malaise and jomt pains, headache, pulmonary 
congestion with cough and dyspnoea, and a marked degree of cachexia and 
generalized muscle wastmg are common, and m such cases death may close 
the picture without the development of more typical signs, the diagnosis 
bemg revealed only at autopsy The patient most commonly dies in coma, 
which, though not infrequently uraemic, is more often apparently the 
end-result of a less specific chrome toxaemia A stroke, or a gross haemor- 
rhage elsewhere, is another frequent cause of death, while a secondary 
infection, usually a low-grade bronchopneumoma, is a common termmal 
findmg 

It IS questionable whether the attempt to systematize the disease into 
a small senes of chnical types which has been made by von Schrotter (1899), 
Harbitz (1927), Hutinel, CJoste, and Amaudet (1930), and Lmdberg (1931) is 
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0*Haro, 1939), and in addition to tho specific changes of an acute artentis 
and infarcts, glomerulonephritis has been recorded with increasing frequency 
since Brmkmann (1922) and Chnsteller (1920) added nephntia to Meyer^s 
triad Urinary changes are consequently frequent Albunununa is the 
commonest abnormality, being found in at least 64 per cent , while haematuna 
18 somewhat less frequent If the haematuna is due to glomerulonephntio 
changes, a few red cells may bo constantly present, and accompanied by 
casts More often slight haematuna is an occasional finding, related to 
successive renal infarcts 


Hypertension occurs in about 64 per cent of cases (Hams, Lynch, and 
O’Harc, 1939) and its frequent though not invariable relation to severe 
renal involvement suggests a iiossible origin m renal ischaemia The raised 
blood -pressure reading is often of diagnostic importance and a diagnosis of 
polyarteritis should be considered in all cases of hypertension oooumng 
acutely in children and in the earlier ago periods Particularly significant 
IS the association of hypertension with continued pyrexia of unknown ongm 
Systolic figures above 200 mm of mercury are not infrequent, and we can 
confirm tho accuracy of Bernstein’s (1935) observation that the systoho 
pressure tends to oscillate widely between these high readings and figures in 
tho upper zone of normality, and that a rapid rise to high readmgs is of bad 
prognostic significance and usually associated with severe renal involvement 
(Hams, Lynch, and O’Hare, 1939) Oedema is found m about haK the 
recorded cases It may be related to congestive cardiac failure which may 
be hypertensive, or may arise from failure of an ischaemic myocardium 
(Laubry, Souh6, and Lendgre, 1938) It may be renal, particularly m those 
cases with acute or subacute glomerulonephntio changes, or it may arise in 
association with the polymyositis which is found m over 60 per cent of 
cases (Boyd and Nussbaum, 1936) and is particulary common when the 
arteries of the limbs and the skeletal musculature are severely mvolved 

These are tho commonest features of the disease — fever, leucocytosis, 
a raised erythrocyte sedimentation rate, albumin and blood in the urme, 
vascular h 3 rpertension, and oedema The frequency with which the character- 
istic artenal changes are found in one or several of the abdominal viscera 
at autopsy (hver 66 per cent , alimentary tract 60 per cent , mesentery 
41 per cent , pancreas 26 per cent (Gruber, 1926)) accounts for the common 
occurrence of abdominal pam This is often violent, and maximal at the 
umbilicus or m the gall-bladder area Spiegel (1936) gives generalized abdo- 
minal pain as the commonest mode of onset, and the association of such pain 
with anomalous features such as arthralgias, rheumatism, nephntia, hyper- 
tension, and heart failure should always suggest polyarteritis nodosa Such 
abdominal pam may be a prolonged, severe and striking feature of the illness 

Case 3 Severe and, continued abdominal fain vnili melaena, fever, and 


^A^^-velr-oId man was admitted to hospital m July 1941, complaming of 
up^r abdominal pam, and pam down the back of the legs constantly present 
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for tbo previous four moiitlis He had a past history of gonorrhoea a1> the 
age of 22 years and of the common illnesses of childdiood He was of good 
physique and had no abnormal physical signs in the heart or chest, and 
a normal blood-pressure There was diffuse epigastric tenderness, several 
localized tender areas m both glutei medn and calves, and pain in the 
lumbar region and down the legs on straight leg raising The right knee- 
^erk and both ankle-jerks were absent and there was bilateral patchy 
hypalgesia of stocking distribution The plantar reflexes were flexor and the 
remainder of the central nervous system showed no abnormal findings He 
had a haemoglobin of 80 per cent and a leucooytosis of 14,000 cells per c mm , 
predommantly polymorphonuclear cells, but with 6 per cent of eosinophil 
cells His erythrocyte sedimentation rate was 50 mm in one hour, and his 
urme showed a trace of albumin, a few granular casta, and a moderate 
number of red blood cells and pus cells All other mvestigations, moluding 
X-ray studies of the spine, barium meal and banum enema examinations, 
and examination of cerebrospinal fluid, were negative He remamed m 
hospital for six weeks, mamtammg an irregular fever reaohmg a maximum 
of 100 6°F in the evemngs, before he had a large melaena which reduced 
his haemoglobm to 53 per cent After recovering from this a further banum 
meal was agam normal, but in view of the combmation of fever, poljmeuntis 
and contmmng abdommal pam, a muscle biopsy was performed on the nght 
calf, and senal sections showed the typical changes of subacute polyarteritis 
nodosa with hyaline necrosis of the vessel walls, cellular infiltration, and 
some evidence of heahng By October 1941 his blood-pressure had risen to 
180/110 and remamed about this level throughout subsequent observation, 
while his urme still showed cells and oasts as above , the sensory changes in 
the legs had disappeared, and the nght knee-jerk had returned, but the 
erythrocyte sedimentation rate remamed at 24 ttitu m one hour, and his 
white blood count was 8,000 per o mm , with a normal differential count 
He finally took his discharge from hospital m November 1941, considerably 
improved, but still complaining of upper abdominal pam unchanged by diet 
and alkalis 

Although changes m the central nervous system are extremely rare, 
a pamful peripheral neuritis, usually bilateral, and often asymmetnoal, is 
a common findmg, particularly in the lower limbs 

The general discomforts of a severe and oontmued toxic illness, with loss 
of weight, nausea and vomiting, malaise and jomt pains, headache, pulmonary 
congestion with cough and dyspnoea, and a marked degree of cachexia and 
generalized muscle wasting are common, and m such cases death may close 
the picture without the development of more typical signs, the diagnosis 
hemg revealed only at autopsy The patient most commonly dies m coma, 
which, though not infrequently uraemic, is more often apparently the 
end-result of a less specific chronic toxaemia A stroke, or a gross haemor- 
rhage elsewhere, is another frequent cause of death, while a secondary 
infection, usually a low-grade bronchopneumoma, is a common terminal 
finding 

It is questionable whether the attempt to systematize the disease into 
a small senes of clmical types which has been made by von Sohrotter (1899), 
Harbitz (1927), Hutmel, Coste, and Amaudet (1930), and Lmdberg (1931) is 
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helpful, but It can bo agreed that m many cases the general ohnioal picture 
IS predominantly either that of 

(1) A non-apcoific subacute or chronic pyrexial wasting illness 

(2) An atypical abdominal illness of similar duration 

(3) A primary renal disease, or, 

(4) A combination of polyneuritic and polymyositic features 

Often developments may occur during the course of the illness, the nature 
and distribution of which will indicate both the occurrence of a widespread 
pathological process and its pnmary site m the ramifications of the vascular 
tree In view of the pathology of tlie disease the protean nature of such 
special manifestations may be anticipated, and it is likely that many remain 
to ho described, but an analysis of those already on record, constantly bear- 
ing m mind thoir relation to the pathology of the disease as a whole, may 
help both to clarify our conception of the condition and to facilitate its 
recognition 


The CardiovasciiJar System tn Polyariertits Nodosa 
The pnmary arterial changes are responsible for the development of 
subcutaneous nodules, which vary in size from a diameter of 4 to 12 mm,, 
appear in crops, and may regress or persist for penods up to 18 months 
They occasionally form discoloured phylectenules, or ulcerate, and may 
appear on a base of extravasated subcutaneous blood Pulsation of the 
nodules has been recorded a fow times (Manges and Baehr, 1921 , Matthes, 
1928, Spiegel, 1936) Pathologically, aneurysm formation is not common, 
and in the absence of aneurysms close to the body surface subcutaneous 
nodules are very rare Most commonly found along the course of temporal, 
brachial and intercostal arteries (Ophuls, 1923) they may occur at any site 
and have been found in the lips (Debr6, Leroux, Lelong, and Gauthier-ViUars, 
1928) and tongue (Boyd and Nussbaum, 1936) Rupture of an aneurysm or 
a weakened artenal wall may result in haemorrhage from a variety of sites 
Subcutaneous and intramuscular haematoma, retroperitoneal haematoma 
causmg either an acute abdominal catastrophe or an mtra-abdominal tumour, 
intrapentoneal, perirenal, pancreatic, cerebral, or subarachnoid bleeding, 
which may be acute, or possibly a slow leak producing a subacute meningitic 
picture, may all occur Haemorrhage from a gastric artery may lead to 
haematemesis or melaena, arid from an intestinal vessel to a dysenteric 
picture of bloody diarrhoea closely resembling ulcerative cohtis Similar 
processes may give rise to an aonte haemorrhagic or chronic adhesive pleurisy 
or pencarditis, and haemopencardium from rupture of a coronary aneurysm 
may give rise to cardiac tamponade In some cases focal signs are attributable 
to thrombosis in, rather than haemorrhage from, affected arteries, and the 
clinical picture of thrombosis of a cerebral artery or one of the mam 
abdominal vessels (McCall and Pennook, 1944) may oompheate the clxmcal 
picture FollowmgMeyer (18 78) many authors have presumed that aneurysmal 
yieldmg of the vessehwaU is related to hypertension, but careful scrutiny of 
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recorded cases shows that the relation is not constant, aneurysm formation 
being recorded with normal blood-pressures, for example by Wordley (1923) 
and Vmmg (1938), while the majonty even of hypertensive cases show 
neither subcutaneous nodules climcally nor aneurysmal formation patho- 
logically It seems that the formation of aneurysm is related rather to the 
failure of reparative processes to keep pace with destruction of the vessel-wall 
While it IS chmcally evident that some cases make a good recovery, 
Keegan (1926) and Jager (1933) have described arteriosclerosis as a result 
of the healmg of acute polyartentis, and Jager suggested that the condition 
may, in fact, be an important unrecognized cause of subsequent arterial 
degeneration While there is evidence that this may be an occasional 
occurrence, m which residual renal damage may also play an important 
role, and while polyarteritis may be superadded to an existing artenosclerosis, 
as in one of Mhddleton and McCarter’s (1936) cases, or may itself produce 
the clinical picture of malignant hypertension, it is difficult to bebeve that 
the association suggested by Jager is numerically important Another 
occasional symptom referable directly to the vascular changes of poly- 
arteritis is Raynaud’s syndrome, with or without penpheral gangrene. Cases 
of this type have been reported by Frommel (1926), Cathala and Boegner 
(1928), Carr (1930), Bernstein (1936), and Cohen, Khne, and Young (1936) 
Pathologically, cardiac mvolvement is almost as common as renal mvolve** 
ment, coronary artentis bemg found m 84 per cent of cases coming to 
autopsy (Hams, Lynch, and O’Hare, 1939) Nevertheless, except for tachy- 
cardia, which 18 frequently disproportionate to the degree of pyrexia, and 
tennmal congestive failure m hypertensive cases, cardiac symptoms are not 
common 

Case 4 A fatal case characterized by penpheral neuniis and congestive heart 
failure^ leading to a diagnosis of benben 

A 41-year-old airman, en route for the Middle East in March 1943, was 
seized with cramping pams m both calves, of sudden onset, and accompanied 
by severe paraesthesia m the feet He was admitted to hospital and returned 
to England in November of the same year with a diagnosis of mfeotive poly- 
neuntis By this time he had begun to improve and to regain some of the 
considerable weight which he had lost While on sick-leave, however, he 
developed oedema of the ankles and was admitted to hospital as a case of 
benben heart Full mvestigation at this time revealed polyneuntis, cardiac 
enlargement, and a leucocytosis of 11,200 cells per omm On readmission 
to hospital m January 1944, he showed a scaly papular rash over the face, 
a muddy skm, tachycardia, general cardiac enlargement olmically and radio- 
logically with thickened penpheral vessels, and a blood-pressure of 160/110 
He had an improving severe peripheral neuritis with asymmetrical weakness, 
wasting, depression of deep reflexes, and hypalgesia and hypaesthesia limited 
to the distal parts of the lower extremities, which also showed pitting oedema 
and obliteration of the postenor tibial pulses A chest X-ray showed marked 
congestive changes, and there was a mild anaemia of orthochromio type 
With 84 per cent oi haemoglobin and 10,000 leucocytes per c mm , with 
a normal differential count Erythrocyte sedimentation rate readings were 
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%^^dely TOrmble between nine and 45 mm m one hour (Westergren) Ophthab 
moscopy revealed a gross arteriosclerotic retinitis with haemorrhages and 
exudate, but with no localized pathological changes in the arteries The 
unno then and on several occasions throughout the illness was found to 
contain a small amount of albumin, a few red and white blood cells, and 
a few hyaline casts At this stage the patient was seen by Sir Charles 
Symonds, who diagnosed pcn-artontis nodosa, on tlie strength of polyneuritis 
with hypertension and retinitis The course of the illness was slowly down- 
hill, with increasing congestive failure The pulse-rate rose slowly from an 
average figure of 00 to 140, while oedema and dyspnoea increased, and early 
m February hepatic congestion and ascites were evident Further cardiac 
enlargement occurred and on February 12 the blood-pressure was 165/130 
From this time onwards, diuretics having failed, repeated abdominal para- 
centeses wore performed Early m May auricular fibrillation began, simul- 
taneously rapid dotcnoration ensued, and the patient died on May 9 after 
several daj’^s of abdominal discomfort Autopsy revealed generalized athero 
sclerosis of the usual type, cardiac hypertrophy, and the usual findings of 
congestive heart failure, with many old and recent infarcts m the lungs and 
kidneys Microscopically there was a segmental necrotizing artentis with 
cellular infiltration and many thromboses affecting the pulmonary, renal, 
and, to a less marked degree, the myocardial artenoles The changes were 
characteristic of polyarteritis nodosa 

Lamb (1914) early drew attention to the frequency of silent coronary 
involvement, while the resultant ischaemic damage to the myocardium has 
been demonstrated by the occasional recording of electrocardiographio 
abnormalities (Akesson, 1934, McCall and Pennook, 1944), and in particular 
by inversion or flattening of T1 and T2 (Master and Jaffe, 1933) A changmg 
electrocardiographic picture has been suggested by Boyd and Nusshaum 
(1036) as an important point in the differential diagnosis of polyartentis, 
and we have observed this phenomenon in one case with cardiac mvolve- 
ment, such a finding is rare in the diseases with which polyartentis is 
usually confused In view of the frequency of coronary involvement it is 
remarkable that anginal pain is not commoner It has been recorded in 
a few cases, and on one occasion even m childhood (Nowak, 1933) There 
la suggestive evidence of a pathological relationship between the affection of 
the coronary vessels found m polyartentis and the coronary arteritis 
described m acute rheumatism by Karsner and Bayless (1934) 

As previously noted, a recent history of rheumatic infection is frequent, 
and, as well os Aschoff nodes, a rheumatic endocarditis and valvubtis may 
be found in association with the disease, as m cases recorded by Fnedberg 
and Gross (1034), Spiegel (1936), and Grant (1939) The association of 
streptococcal mfeotion both with rheumatism and with polyartentis nodosa 
accounts for many of the cases of subacute bacterial endocarditis found in 
association with polyartentis (Lamb, 1914, Siegmund, 1924, Mamzer and 
Joel 1936)> though the occurrence of gonococcal endocarditis (Helpem 
and^Trubek, 1933) m one case shows agam that the relation to streptococcal 
infection is not, as was at first believed, specific A further cardiac finding 
to which attention has recently been drawn os an atypical verrucose endo- 
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carditis of Libman-Saoks type (Gross, 1932, Krahulik, Rosenthal, and 
Loughlin, 1935), while Banks (1941) and Krupp (1943) have adduced evidence 
of a common pathology m polyartentis nodosa, the Libman-Saoks syndrome, 
disseminated lupus erythematosus (which is often associated with verrucose 
endocarditis and which had already been observed m polyarteritis by Cabot, 
1938), and possibly also scleroderma and dermatomyositis Microscopic 
examination of tissues in aU these conditions shows an acute and subacute 
infiltrative artentis, and these authors consuiei them all manifestations of 
a ‘visceral angeitis ’ Again, the association of these conditions with preced- 
mg mfection of varying types suggests that they may also partake of the 
nature of hypersensitive responses Of the findings on blood exammation, 
polymorphonuclear leucooytosis, anaemia, and occasional eosmophiha have 
already been mentioned Purpura (Lamb, 1914, Bennett and Levme, 1929 , 
Middleton and McCarter, 1935), both thrombocytopenic (Dunbar, 1936) and 
with normal platelet coimts (Spiegel, 1936), hsis been described as an 
associated findmg 


Abdominal Symptoms Surgical Aspects 
Microscopically, the mtestmal waU is involved in at least half the cases 
and the frequency and importance of abdommal pain, a clinical feature m 
57 per cent of case histones analysed by Hams, Lynch, and O’Hare (1939), 
has already been stressed, while the frequency of this symptom m poly- 
artentis has led to the suggestion by Spiegel (1936) that some cases of 
‘abdommal rheumatism’ may be due to an analogous artenal change m 
acute rheumatism The pam m polyartentis nodosa, discussed at some 
length by Roux (1939), is often diffuse or umbxhcal and may arise from 
vascular changes both m the waU of the alimentary tract and m the mesentery 
The association of such symptoms with marked emaciation may lead to an 
erroneous diagnosis of carcinoma of the stomach, as in one of our own cases, 
where signs of subacute mtestmal obstruction subsequently ensued (Miller 
and Nelson, 1945) Pathologically the submucous and muscular coats are 
first mvolved, but later erosion or chrome ulceration of the overlying 
mucosal surface, secondary to ischaemic changes, may lead to the finding of 
occult blood m the stools and even to bloody diarrhoea, or to gangrene 
of the bowel wall (Lorenz, 1891 , Vers6, 1907 , Harbitz, 1927 , Spiegel, 1936) 
Lelong, Racket, Poulon, and Lelong (1938), Mondor, Duoroquet, and Olivier 
(1939), and Felsen (1941) have described sigmoidoscopic findings in patients 
with polyarteritis nodosa These consist of horizontal, parallel, linear 
streakmg with localized vascular dilatations probably due to a thrombosmg 
vascuhtis and described by one author as ‘ tapioca-like ’ 

Erosions or ulcers m stomach- or bowel- wall may perforate (Vers6, 1907 , 
Krahuhk, Rosenthal, and Loughlin, 1935 , Spiegel, 1936 , IMiller and Nelson, 
1945), causmg fatal peritonitis or a subdiaphragmatic abscess (Spiegel, 1936) 
In other cases peritonitis of a more chrome type may occur as part of a 
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polyserositic picture Abdominal pain m polyartentis nodosa may, however, 
bo localized to regions characteristic of inflammatory conditions m particular 
viscera, and such pain may be duo either to actual involvement of a hollow 
VIS 0118 by artontis, or to simulation of a similar clinical picture by a locahzed 
retroperitoneal baematoma Of Spiegol’s (1936) 17 oases, abdominal pam led 
to laparotomy before diagnosis m six, appendicitis being diagnosed and 
appondiccctomy being performed in four Similar cases with a clinical picture 
of acute or subacute appendicitis have been desonbed by Benedict (1907), 
Lamb (1914), Plant (1931), Fnedberg and Gross (1934), and Druss and 
Maybaum (1034), in Plant’s case such a finding was associated with poly- 
arteritis also m the utenno adnexa In several of these cases and also in one 
case of vasectomy (Gagstatter, 1034), microscopic examination of tissue 
removed at operation led to an ante-mortem diagnosis Bal6 and Naohtnebel 
(1929) reported a case with a clinical picture of appendicitis due to a locahzed 
retroperitoneal haematoma 

Microscopic examination of a gall-bladder removed after symptoms of 
acute cholecystitis (Klotz, 1917, Gruber, 1926, Singer, 1927, Middleton 
and JlcCarter, 1936, Spalding, 1940, Naegeh, 1940) may also lead to a 
correct diagnosis Gruber suggested that involvement of vessels in the wall 
of the gall-bladder may lead to biliary stasis and secondary mfection, and 
massive haemorrhage into the gall-bladder has been recorded as a sequel 
Symptoms arising from the liver itself are less common, and although it is 
pathologically involved m about two-thirds of coses, icterus is much less 
frequent, and was noted by Hams, Lynch, and O’Hare (1939) in only 12 per 
cent Pass (1936) stated that polyarteritis nodosa is the commonest cause 
of hepatic infarction, while suboapsular haemorrhages may cause hepatic 
pain and may rupture into the peritoneal cavity (Klotz, 1917, Grant, 
1939), 

Pathologically, pancreatic involvement is frequent, and haemorrhages, 
necroses, infarcts, diffuse fibrosis, or involvement by retroperitoneal haema- 
tomata may be found (Klotz, 1917 , Singer, 1927 , and Spiegel, 1936) The 
clmical picture vanes in acuteness from one of vague upper abdominal dis- 
comfort to that of catastrophic haemorrhagic pancreatitis, while Middleton 
and McCarter (1936) have desonbed a case with a subacute course and an 
abnormal sugar tolerance curve 

Splenic involvement is less common, occurnng m less than a third of 
cases exammed post mortem, while although infarction and perisplenitis may 
occur, splenic pain is uncommon and splenomegaly distinctly rare 

Renal involvement is not invariable, and even m fully developed and 
hypertensive cases the unne may be repeatedly normal, a negative finding 
which has several times m our own expenence led to failure to reach a correct 
diagnosis Nevertheless, the best pathological studies show that the kidneys 
are involved in at least 70 per cent of cases, with infarcts m 65 per cent 
and glomerulonephritis m at least a third (Gruber, 1926) The unnary 
findings reflecting these changes have already been discussed Krupp (1943) 
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pointed out that m visceral angeitis, m which category, as already noted, he 
included polyartentis nodosa, disseminated lupus erythematosus, and the 
Libman-Sacks syndrome, a study of the unnary sediment shows a unique 
microscopic picture in that red blood cells, red cell oasts, fatty casts, and 
‘ broad ’ casts are all found together, a combmation not usually seen at any 
stage in the development of the more usual cases of glomerulonephritis In 
addition to these unnary findings, anuria has been recorded (Rolniok and 
Davidsohn, 1942), and in one case was due to cortical necrosis of the kidney 
(Wordley, 1923) The multiple renal infarcts so often seen have a patho- 
logical importance as well as chmcal significance as the cause of recurrent 
microscopic haematuna Several pathological papers pomt out that the 
gross finding of such infarcts at autopsy m cases without bactenal endo- 
carditis is extremely uncommon, and that it should always give rise to a 
strong suspicion of polyarteritis nodosa 

Somewhat less frequent m polyarteritis nodosa is the clmical picture of 
a surgical kidney condition Haematuna may be profuse and unilateral, 
simulating growth (PoweU and Pritchard, 1932) , renal cohc may occur (Gray, 
1932, Hauser, 1934) or symptoms may imitate a vesical growth (Kimmel- 
stiel, 1927), while a combmation of general signs of sepsis and local renal 
symptoms may pomt to a carbuncle of the kidney (Keegan, 1926 , Gray, 
1932) In one of our own oases a renal neoplasm was closely simulated by a 
large retropentoneal haematoma 

Case 6 Polyartentis nodosa simulating a renal tumour , dtagrwsxs revealed 
by nephrectomy 

A 32-year-old airman, with no significant past or family history began to 
complain of stiffness and pam m the legs and calves m August 1946 Ten 
days previously he had had an injection of anti-tetanus and anti-typhoid 
vaccmes, his fifth m three years, which was imoocompamed by immediate 
toxic reaction Notes on admission to hospital describe a sick man with 
severe pam and marked tenderness m both calves, and httle to show on 
examination other than a high erythrocyte sedimentation rate (82 mm m 
one hour) There was no response to sahcylates The erythrocyte sedimenta- 
tion rate remamed high, and five days later he developed a moderately 
severe generalized urticaria followed by the gradual onset of nausea, vomitmg, 
hiccough, and diffuse abdommal pam The pam became so severe that a 
surgeon considered the possibihties of acute pancreatitis or mesenteric throm- 
bosis The patient showed high pyrexia (101® F) and a leucooytosis of 
18,600 cells per o mm , polymorphonuclear cells predommatmg, and occa- 
sional pus cells and casts m the unne He remamed critically ill for 10 days, 
but there were no clear mdications for laparotomy and he slowly recovered, 
simultaneously developmg a mild symmetrical polyneuritis affecting the 
lower hmbs The erythrocyte sedimentation rate and leucocytes remamed 
high, and despite general improvement there were periodic recurrences of 
abdominal pam and vomitmg Radiological studies and blood chemistry 
remained normal, but for the first tune an appreciable number of red and 
white blood cells and granular casts began to appear m the urme, while the 
haemoglobin showed a gradual fall from 86 to 66 per cent the white count 
remaimng between 6,000 and 10,000 per c mm On November 3, 1945, he 
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showed eosmophiha m one count (7 per cent of 9,800 white blood cells 
per c mm ), othorwiso his differential count was normal His polyneuntio 
signs showed rapid improvement, but about this time he began to complain 
of mcronsing pain in the loft flank and lower left chest The possibihty of 
n renal tumour was considered and this was supported when a banum enema 
showed forward displacement of the descending colon by a posteriorly placed 
tumour, an intravenous pyelogram showed enlargement of the left kidney 
with a largo calycal pelvic filling defect, and finally palpation revealed a 
tumour deeply situated m the left flank On January 16, 1946, operation 
(nephreotomy) revealed a kidney disorganized by a large retropentoneal 
hacmatoma extending downwards towards the pelvis and with many ad- 
hesions The pathological report on the kidney specimen described a subacute 
infiltrative arteritis showing healing and fibrosis, with superadded mild 
glomerulonophritic changes A similar appearance was shown by muscle 
biopsj% where hj^ahno changes and endarteritis were also evident His con- 
dition then rapidly improved The haemoglobin, which fell for some time 
ns low as 40 per cent , responded to iron administration, and rose to 82 per 
cent The blood-pressuro remained high (180/110 to 160/110), the urine 
contained red and white colls and granular casts, and at the time of wntmg 
there was still moderate nitrogen retention with a blood-urea averaging 
CO mg. per 100 c c The only symptoms romaimng were tnodexate postural 
oedema and breathlessness Despite the histological evidence of healing m 
this case, the prognosis was considered poor in view of the involvement of his 
rcmaming kidney 

Surgical aspects m general have been reviewed by Mondor, Ducroquet, and 
Olivier (1939), Spalding (1940), and Allen (1940) The first-named authors, in 
addition to dealing with the commoner abdommal symptomatology, desenbed 
and lUustrated the treatment of deformities resulting from penpheral gan- 
grene in polyartentis Diagnosis before microscopic examination of tissues 
removed, as m Manges and Baehr’s (1921) case, where the surgeon (Buerger) 
recognized the condition from the gross appearance of mesentenc artenes, is 
exceptional The usual story is that of a subacute abdommal condition not 
quite typical of inflammatory involvement of any particular viscus, leading 
to removal of an organ, usually with recogmtion of the condition after 
microscopic examination , or that the condition is recognized because of the 
patient’s failure to improve after operation, and the subsequent development 
of symptoms farther afield Retrospective sorutmy of these surgical cases 
reveals frequent does to correct diagnosis m the presence of preceding or 
comcidental symptoms impossible of reference to a locabzed abdominal con- 
dition, for example, penpheral neuntis, sore throat, arthralgias, fugitive 
erythema and urticaria, and asthma, the significance of whioh was not 
realized at the tune These cases illustrate the importance of two points in 
the recognition of polyarteritis First, the original erroneous diagnosis made 
in cases subsequently proved to be polyarteritis nodosa is frequently that of 
an atypical form of some other commoner condition , such a diagnosis often 
fails to carry conviction even in the mind of the climoian concerned, who 
feels mstmotively that there is somethmg wrong with it Secondly, the 
difficulty of attributing the chnioian’s scattered findings to a smgZe patho- 
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logical process may lead to multiple diagnoses, and it is only wlien the 
multiplicity of the pathological conditions postulated becomes unreasonable 
that polyarteritis is thought of One of our own cases illustrates both these 
difficulties well 

Case 6 A fatal case stmtdaitng abdora%iial malxgnaiii disease, and vnth hyper- 
tensive fits, polyneuritis, and a diagnosis revealed by retinal changes 

A 34-year-old airman, with a past history of eczema and urticana and 
under treatment for syphilis, in May 1946 developed generahzed joint pains 
unresponsive to sahcylates, but clearing after cessation of arsenical medica- 
tioDu In August, 24 hours after further trial doses of neoarsphenamme, he 
developed constant, severe, central epigastnc pain accompanied by marked 
anorexia and vomitmg E^etrospective inquiries showed that the onset of 
this was associated with flitting arthralgias and aching pam down both legs 
His pam was severe, loss of weight was rapid, and anorexia absolute, and 
when he was admitted to hospital two weeks later be was suspected of havmg 
either a penetratmg peptic ulcer or a carcinoma of the stomach, an error also 
made m the case of Cameron and Laidlaw (1918) Full examination revealed 
only marked loss of weight and generahzed epigastric tenderness Barium 
meal exammation, gastnc analysis, and occult blood tests proved negative, 
and his pam became more severe despite treatment In view of the negative 
mvestigations for gastro-mtestmal disease the suspicion of pancreatic carci- 
noma was raised Tests for pancreatic function, however, proved negative 
The cerebrospmal fluid remamed normal and the erythrocyte sedimentation 
rate was eight mm m one hour There was occasional evening pyrexia of 
99® F On September 14, 1946, he had a generalized epileptic fit foUowed by 
severe headache and vomiting At first mtraoram^ metastases from a 
cryptogenic caromoma were suspected, but his blood-pressure was found to 
be 210/120, while the cerebrospmal fluid remamed normal m composition, 
though with a raised pressure Radiological exammations of skull, chest, 
and abdomen, and blood chemistry gave no clue to the essential nature of 
the disease, but his white blood cells rose to 10,000 -per o mm , and there 
were occasional red cells and pus cells m the urine Withm a few days the 
margins of the left optic disk became blurred and a slit haemorrhage appeared 
m the retina Despite supportive treatment the patient went rapidly down- 
hill On September 26, 1946, he had repeated epileptic fits followed by coma 
which lasted for more than 24 hours, and on recovery the knee- and ankle- 
jerks were found to have disappeared, without marked sensory loss or dumnu- 
tion of motor power The erythrocy^ sedimentation rate was 46 mm in one 
hour, white blocd cells 32,000 per c mm , and differential count normal 
The hypertension and alburainuna persisted These findmgs strongly sug- 
gested a diagnosis of polyartentis nodosa This was confirmed by the gradual 
development of oharactenstio ocular findings, pale perivascular hillocks of 
choroidal exudate, retinal detachments, irregularity m the cahbre of retmal 
vessels, the whole picture variable and shading off mto a characteristic 
albummuno retinitis The diagnosis was confirmed by serial sections of a 
biopsy specimen of calf muscle Marked cachexia and weakness without 
anaemia ensued There was no pyrexia at any tune except for two days 
after the fits of September 29, 1946, and death followed on October 30, 1946 
Autopsy revealed acute and subacute polyarteritis nodosa mvolving kidneys, 
mesentery, peripheral nerves, and skeletal musculature, but spanng the 
central nervous system 
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Ncxirological FeaUtres and Ocnlar Fxndxngs 
The occurrence of epontaneous subarachnoid or cerebral haemorrhage from 
ruptured aneurysms has already been mentioned Involvement of the m- 
timato vasculature of the central nervous system is relatively uncommon, 
the figures for this varying from 8 per cent (Gruber, 1926} to 20 per cent 
(Poster and Malamud, 1941) In view of the relative infrequency of careful 
histological examination of brain tissues in these cases, most of the figures 
quoted arc probably too low. Such cases have been described in detail hy 
Runge and Molzer (1930), whose patient showed bulbar symptomB, dysar- 
thria, cerebellar ataxia, bilateral pyramidal lesions, and mental changes, 
and by Foster and Malamud (1941), whose cases presented meningeal imta- 
tion, diplopia, homiparesis, and dementia Pathologically, the artenal m- 
volvomont la usually maximal m the meninges and the marginal zone, and 
it may bo localized to cortam areas of the cerebral vascular field or spmal 
cord Somewhat similar cases of meningeal and cortical involvement are 
reported by Bnl6 (1926), Bal6 and Nachtnebel (1929), Erlandsson (1931), 
Krabulik, Rosenthal, and Loughlm (1936), Ureohia (1941), and Maxwell and 
Mnxson (1 941) A moningitio picture without histological findings is recorded 
by Bennett and Levine (1929), and meningism is a frequent feature in 
childhood cases Kounlsky, Gracm, Bertrand, and Hmglais (1938) recorded 
a remarkably subacute course with remitting paraplegia and quadnplegia m 
a case charaotenzed also by a skin eruption Ureohia and Elekes (1934) refer 
to other cases showing paraplegia, in some instances associated with bulbar 
palsies and cranial nerve lesions Focal nervous signs are very vanable, and 
the following table, adapted from Foster and Malamud (1941), demonstrates 
the more important signs found m C5 cases of polyartentis with central 
nervous system involvement 


Neurological Signs in 65 Cases of Polyarteritis with Involvement of the 
Central Nervous System 

(From a review of 300 coses by Foster and Malamud, 1941) 

Goneralized convulsions 24 Increased C S F pressure 

Meningeal irritation H Increased C S F. protein 

Organic brain ayndrome 14 Subarachnoid bleeding 

Hemiplegia 11 Extra -ocular muscle palsies 

Sluggish pupUlary light reaction 1 1 Extrapyramidal signs 

Anisocona 10 PapiUoodema 

Cerebellar signs 9 Optic atrophy 

Jaoksoman fits 8 Nystagmus 


8 

6 

7 

6 

5 

4 

4 

4 


The probable ocourrenoe of cerebral changes m less fully investigated cases 
IS suggested both by the occasional finding of changes m the cerebral arteries 
in coses without relevant symptomatology, and by the incidence of fits, which 
occur m no less than 15 per cent of cases (Earns, Lynch, and OE&re, 1939) 
These are usually generalized epileptic attacks, and m one of our own oases 
approximated to status epileptious, followed by coma lastmg for 48 hours 
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WMe m some cases the fits may be considered hypertensiye, the occurrence 
of cases with a local onset or a Jacksonian syndrome (Krahuhk, Rosenthal, 
and Loughlm, 1935 , Bennett and Levine, 1929), suggests a local pathology 
mvolvmg cortical vessels Delirium or coma are common and are not limited 
to cases showing uraemia, while confusional and dementmg features have 
been several times recorded 

Pupillary changes, chiefly inequality with normally retamed reactions, are 
descnbed by Spiegel (1936), Maxwell and Maxson (1941), and Miller and 
Nelson (1946), and involvement of the third, seventh, and eighth cramal 
nerves is several times on record Poster and Malamud (1941) report diplopia, 
while Bock (1929) records climoal evidence for, and Tertsch (1936) patho- 
logical proof of, involvement of the vessels of the extnnaio ocular muscles 
Neale and Whitfield’s (1934) case showed conjugate deviation of the eyes, m 
addition to choreiform movements. 

Case 7, A girl of 16 years mth subcutanecms nodules, peripheral gangrene, 
cramal nerve lesions, and involvement of the central nervous system evident tn 
spastic quadnplegta, nystagmus, and organic mental chaTiges 

A 16-year-old girl was admitted to hospital on January 26, 1942, with a 
past history of swellmg of the right knee recumng for three years from the 
age of 11 years, and of repeated attacks of conjunctivitis unreheved by 
tonsiUeotomy m 1940 Two years before admission sbe had had a moderately 
severe febrile asymmetrical polyneuritis, of gradual onset, affectmg all four 
limbs, and associated with fugitive er 3 dihemata Signs of this neuntis were 
still present in December 1940, when she developed a sudden complete 
spastic paraplegia with retention of urme and loss of phonation After some 
weeks, voluntary power gradually returned, her voice became stronger, and 
she began to regam control of her bladder, but in March 1941 fever, dizzmess, 
and bilateral visual impairment ensued In April she had a severe attack of 
headache, vomitmg, and visual failure, with which was associated nystagmus 
m all directions This slowly subsided, but marked dysphagia, diplopia due 
to a nght abducens paralysis, and left facial weakness followed, while m 
August she developed retention of urme and gangrene of the second toe of 
the left foot Prom this time until admission to hospital six months later, 
she was febrile and had a rapid pulse, while her neurological symptoms 
fluctuated Sphmcter control impitived, but she was inattentive, apathetic, 
and often mcontment On admission she was lethargic and showed a spastic 
quadnplegia, coarse nystagmus with a rotary component on upward and 
lateral gaze, paresis of the nght temporal muscle, bilateral palatal weakness, 
gangrene of the second left toe, and a few small subcutaneous nodules in each 
popliteal space There were no abnormal signs in the other systems Dunng 
the next four months m hospital she remamed pyrexial, with a rapid pulse 
and recurrent microscopic haematuna The spleen became palpable, and the 
erythrocyte sedimentation rate remamed about 100 mm in one hour, while 
a moderate microcytic anaemia developed and the gangrenous toe began to 
separate The white blood celk and the cerebrospinal fluid were normal At 
this stage a diagnosis of polyartentis nodosa was considered A specimen of 
quadriceps muscle contained no vessels adequate for examination, but sections 
of the amputated gangrenous toe revealed changes mdioatmg heahng poly- 
arteritis nodosa m the arterioles, and secondary degeneration and fibrosis 
of nervc-buudles Incidentally, this amputation was remarkable for the 
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NenroJogical Features and Ocular Findings 
The occurrence of Bpontancous subarachnoid or cerebral haemorrhage from 
ruptured aneurysms has already been mentioned Involvement of the m- 
timato vasculature of the central nervous system is relatively uncommon, 
the figures for this varying from 8 per cent (Gruber, 1926) to 20 per cent 
(Foster and Malamud, 1941) In view of the relative infrequency of careful 
histological examination of brain tissues in these cases, most of the figures 
quoted are probably too low. Such cases have been described in detail by 
Rungo and Melzer (1930), whoso patient showed bulbar symptoms, dysar^ 
thna, cerebellar ataxia, bilateral pyramidal lesions, and mental changes, 
and by Foster and Malamud (1941), whoso cases presented meningeal imta 
tion, diplopia, hemiparosis, and dementia Pathologically, the artenal in- 
volvement IB usually maximal m the menmges and the marginal zone, and 
it may bo localized to certain areas of the cerebral vascular field or spinal 
cord Somewhat similar cases of meningeal and cortical mvolvement are 
reported by Bal6 (1926), Bald and Naohtnebel (1929), Erlandsson (1931), 
Krabubk, Rosenthal, and Loughlm (1936), Urechia (1941), and Maxwell and 
Maxson (1941) A meningitic picture without histological findmgs is recorded 
by Bennett and Levmo (1929), and moningism is a frequent feature in 
childhood cases Kourilaky, Gracm, Bertrand, and Hinglais (1938) recorded 
a remarkably subacute course with remitting paraplegia and quadnplegia m 
a case characterized also by a skm eruption Urechia and Elekes (1934) refer 
to other cases showing paraplegia, m some instances associated with bulbar 
palsies and cranial nerve lesions Focal nervous signs are very vanable, and 
the following table, adapted from Foster and Malamud (1941), demonstrates 
the more important signs found in 66 cases of polyortentis with central 
nervous system involvement 


Neurological Signs rn 65 Cases of Polyarientis with Involvement of the 
Central Nervous System 


(From a review of 300 cases by Foster and Malamud, 1941) 


Generalized convulsions 
Meningeal imtation 
Organic brain syndrome 
Hemiplegio 

Sluggish pupillary light reaction 
Anisocona 
Cerebellar signs 
Jacksonian fits 


24 

U 

14 

11 

11 

10 

9 

8 


Increased C S F pressure 
Increased C S F protem 
Subarachnoid bleeding 
Extra ocular muscle palsies 
Extrapyramidal signs 
Papilloedema 
Optic atrophy 
Nystagmus 


8 

6 

7 

6 

5 

4 

4 

4 


The probable occurrence of cerebral changes m less fully investigated oases 
js suggested both by the occasional finding of changes in the cerebral arteries 
in cases without relevant symptomatology, and by the incidence of fits, which 
occur m no less than 16 per cent of oases (Hams, Lynch, and O’Hare, 1939) 
These are usually generalized epileptic attacks, and on one of our own oases 
approximated to status epileptious, followed by coma lasting for 48 hours 
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and the findings are usually remittent and often asymmetrical Wohlwill 
(1923) was the first to demonstrate that these changes may depend on nerve 
ischaemia following an obliterative artentis of the vasa nervorum, and m 
these cases, probably the majority, the picture of successive involvement of 
peripheral nerve trunks is that of a mononeuritis multiplex (Kemohan and 
Woltman, 1938) Naegeh (1940) reported polyarteritis nodosa as a cause of 
bilateral ‘sciatica’, and m one of our own cases (Miller and Nelson, 1946) 
the combmation of sacral root signs with a positive Wassermann reaction 
lead to a diagnosis of gumma of the cauda equma Marmesoo and Draganesco ^ 
(1927) also described a case with root signs Most cases of peripheral neuritis 
in polyarteritis nodosa are probably of this type, and the frequency with 
\yhmh changes have been found in the vasa nervorum appears proportional 
to the thoroughness with which the peripheral nerves have been patho- 
logically mvestigated The undoubted dependence of these cases of peripheral 
neuritis on peripheral vascular occlusion gives grounds for mterestmg specu- 
lation as to the possible role of vascular factors m the genesis of other cases 
of ‘infective’ polyneuritis, while one case in which polyarteritis nodosa 
mvolving the central nervous system was occompamed by widespread 
demyelimzation (Bal6, 1926) raises the same problem m relation to the 
central nervous system There is some evidence that a toxic polyneuritis 
can occur in polyarteritis nodosa (Bal6, 1926, Kimmelstiel, 1927, Kulkow, 
1941), and the first of these authors postulated a relationship between 
pancreatic and polyneuritic mvolvement In one of our own patients (Case 6) 
we have observed the simultaneous disappearance of knee and ankle jerks, 
with rapid wastmg, symmetrical motor weakness, and a complete absence of 
sensory loss Clinically we would have considered that such a case fell into 
the class described by these authors Nevertheless, microscopic exammation 
of peripheral nerves showed an early stage of characteristic involvement of 
vasa nervorum 


The Respiratory System and Radiological Aspects 
In contrast with the abdominal findings, chest pain is a rarity in poly- 
arteritis, and when it does occur is usually the result of pleurisy related to 
pulmonary infarctions, pericarditis, or an intercostal neuritis Earher 
observers considered changes m the pulmonary parenchyma rare, and most 
of the relevant literature dates from the last decade Arkin (1930), though 
listmg transient pneumonic mfiltrations, haemorrhagic mfarots, and atelec- 
tasis as occasional findings, omitted reference to the frequency of pulmonary 
involvement m his numerical analysis of organ pathology Ophuls (1923) 
and Monckeberg (1931) drew attention, however, to the occurrence of specific 
arterial changes m the lungs Hemnan (1933) described radiological findmgs 
of a diffuse perivascular infiltration spreading out from the hila, with con- 
fluent opacities of moderate density, and changes characteristically variable 
in mtensity, terminating in infarcts and bilateral effusion He demonstrated 
the relation of these findmgs to the chaiacteriatic changes m bronchial and 

IQJM ^o\T&^r^e*^o 00] ^ 
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complete absence of bleeding, and henbng was normal The further progress 
of the case 19 known only in outline After a penod of considerable improve- 
ment, the patient left hospital m May 1042, but died m September of the 
same year Autopsy findings are not available 

Considerable literature has grown round the ophthalmological aspects oi 
polyarteritis nodosa hlullcr ( 1809) first desenbed the microscopio appearance 
of polyarteritis nodosa of the retinal arteries Since this time Fnedenwald 
and Rones (1031) alone have noted pathological retinal artery involvement, 
and in their case it was mminial, but many others have desenbed such 
changes in the choroidal vessels nt autopsy (Goldstein and Wexler, 1937, 
Bock, 1029, Heipcm and Trubek, 1933, Gjertz, Nordlow, and Svemnar, 
1939) Clinically, many authors have described the gradual development 
of arteriosclerotic retinitis during the course of polyarteritis nodosa, but the 
occasional asymmetry of ocular findings, extending even to unilateral papiU- 
oedema and optic atrophy (King, 1035) has suggested a possible relation of 
the ocular appearances to local pathological factors Bock (1932) desenbed 
massive retinal dotaohraont, which alone is sufficient to imphcate factors 
other than hypertension, and Goldstein and Wexler (1937) described 
charactenstio arteritis of the vessels of the optic nerves 

Sampson (1946) achieved an interesting synthesis of the pathological and 
cbnical observations previously made, describing a picture which he con- 
sidered characteristic of polyarteritis nodosa, showmg multiple and vanable 
exudative retmal detachment, perivascular hillocks of pale choroidal exudate 
resembling miliary tubercles, and unevenness in the calibre of retmal vessels, 
the whole shading off into a picture of gross arteriosclerotic retinitis This 
picture closely follows the appearance forecast by Goldstem and Wexler 
(1937) on the basis of their microscopic studies It will be seen that these 
findings share with those in other systems m this disease the usual character- 
istics of variability and remission In a second case seen by us m this 
hospital, Sampson u as able to make a correct ante-mortem diagnosis by the 
observation of similar ophthalmoscopic appearances to those desenbed above 
Other, and rarer, ocular findings include occlusion of the central artery of 
the retina (Helpern and Trubek, 1933, Bernstein, 1935), proptosis, indo- 
cyohtis, episclentis, and chemosis of the conjunctiva, conjunctivitis i3 
a common occurrence durmg the course of the disease 

Penpheral neuritis, reviewed by Kernohan and Woltman (1938), is one of 
the commonest features of the condition, being noted m at least 20 per cent 
of recorded cases, and it was recently described by Jones (1940) m nine of 
14 personal cases With the polymyositis which often accompames it, poly- 
neuritis 18 responsible for the fact, so often stressed, particularly by French 
authors, that polyarteritis is a very painful disease The neuntic and myosifcio 
pains and paraesthesia are most frequent and severe m the limbs, but they 
may occur anywhere in the trunk and they may have a root distribution 
Although brachial neuritis and bilateral wnst drop with muscular wasting 
and fibrillation have been reported, the lower limbs are most often mvolved, 
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lymphnodes m the cervical, epitroohlear, and inguinal regions There was 
a gross symmetncal polyneuritis with nystagmus and shght bilateral ptosis 
The upper extremities ^owed loss of power and diminution of deep reflexes, 
bilateral wnst drop, and stnkmg impairment of proprioceptive sensibility 
leading to marked ataxia Superficial sensation was httle affected The legs 
were similarly although less severely affected , the knee-jerks were absent 
and the ankle-jerks depressed, abdommal reflexes absent, and plantar re- 
sponses flexor AnciUary investigations revealed a mild orthochromic anaemia 
with 86 per cent of haemoglobm and 36,000 leucoc 3 rtes per o mm , of which 
73 per cent were eosmophil polymorphonuclear cells This eosinophilia was 
reflected in the sternal marrow, which yielded — 


Myeloblasts 

1 per cent 

Neutrophil myelocytes 

17 „ 

3 » 

Neutrophil polymorphonuolears 

7 „ 

11 

Eosinophil myelocytes 

40 „ 

11 

Eosmophil polymorphonuolears 

16 „ 

11 

Basophil myelocytes 

6 

11 

Lymphocytes 

1 „ 

11 

Erythrbblosts 

6 „ 

Jt 

Normoblasts 

8 „ 

11 

Meg6.1oblasts 

1 

11 


The urme, faeces, and cerebrospmal fluid were normal, but a chest X-ray 
showed moderate diffuse pulmonary fibrosis and emphysema During the 
first weeks of August the polyneuritis and mental condition began to show 
some improvement, but he remained ill and toxic and began to run an 
irregular temperature up to 100 4® F A leucocytosis of 23,000 per o mm 
was the lowest figure recorded, and over 60 per cent of eosinophil cells were 
constantly present An X-ray of muscles showed no evidence of oysticercosis 
From 8 8 46 to 23 8 46, when he died, he went slowly downhill with epi- 
staxiB, generahzed purpunc rashes (platelets 160,000 per o mm on 13 8 46), 
albuminuria, and later shght haematuna, continued fever, and delirium 
Autopsy revealed the diagnosis Grossly there were many haemorrhagic 
subpencardial nodules, multiple infarcts of the spleen and kidneys, bronchitis, 
hilar fibrosis, and patchy bronchopneumonia Microscopically, typical lesions 
of polyarteritis nodosa were found m the heart, kidneys, skeletal muscles, 
sciatic nerve, and pulmonary vessels The lung sections also showed chrome 
bronchitic changes and marked eosmophiho mfiltration m the broncho- 
pneumonic areas 

Skin Mamfestaiions 

The subcutaneous nodules which represent the primary arterial lesion 
have already been discussed Other skin manifestations are frequent and 
remarkably polymorphic m character Reviews of the condition from this 
aspect have been puhhshed by AUaewicz (1933), Crosti (1936), Goldschlag 
and von Chwalibogowsky (1936), Matras (1938), and Ketron and Bernstein 
(1939) Fugitive erythemata, including scarlatimform eruptions, urticaria, 
and purpura, are the most commonly encountered lesions, but macular and 
papular rashes are not infrequent, while angioneurotic oedema, vesiculation, 
and bullous eruptions have been recorded These last two may become necrotic 
and ulcerate, mvolvmg large areas of skm, and being one cause of the peri- 
pheral gangrene frequently noted They may leave senous deformities from 



27C 


QUARTERLY JOURNAL OF MEDICINE 

pulmonary vessels demonstrated at autopsy Wiener (1933) and Weir (1939) 
have recorded identical radiological pictures, and the last author desenbed 
milmry foot of organizing pneumonia with cellular infiltration and a local 
cosmophilia, a pathological finding previously noted by other authors includ- 
ing Curtis and Coffey (1934) In Sandlor^s (1938) report terminal miliary 
abscesses were superimposed in a fatal case Elkeles and Glynn (1944) 
reviewed the literature of pulmonary involvement m polyarteritis nodosa, 
and reported two further cases somewhat similar to those previously 
described, showing increased vascular markings particularly at the hila, 
and, m the lower lobes, transitory infiltrations regressing without residual 
abnormality The changes spared the penphery of the lungs and were 
probably duo to a combination of pen vascular infiltration, oedema, and 
haemorrhage Such transitory pulmonary infiltrations, occurring m the 
absence of cardiac failure ns a possible cause, and associated with eosmophiha, 
are strikingly similar to the findings of Loffler’s syndrome (Loffler, 1936), 
which may bo associated not only with evidence of local and general hyper- 
sensitive reactions to preceding infections or infestations, but also with focal 
eosinophilic infiltrations elsewhere in the body Harkavy (1941) reported 
similar pulmonary findings m a senes of asthmatic patients, m one case 
progressing to a fully developed picture of polyarteritis nodosa He demon- 
strated that the pulmonary changes probably anse on the basis of local 
vascular damage of allergic ongm, and drew attention to a possible associa- 
tion of polyarteritis with the s^mdrome resembling thrombo-angeitis produced 
in the hmb vasculature by experimental sensitization to tobacco proteins 
Attention was draum to the pathological similanty of thrombo-angeitis and 
polyarteritis by Bruetsch (1942) and others, and despite the histological 
objections put forward by Scheinker (1945), the similarities appear more 
striking than the differences Elkeles and Glynn (1944) pomted to the 
involvement of pulmonary vasculature m Rich’s (1942) experimental rabbits, 
suggesting that the vascular nature of the lung fields render them an im- 
portant part of the anaphylactic * shock organ ’ m polyarteritis and other 
hypersensitive states 

Case 8 A patient with asthmatic atiacls as an early symptom and xoith poly- 
nexiriiiSy marked eosinophthot piirpuraf and terminal eosinophthc broncho- 
pnemnonia 

A 6 6 -year-old man had five weeks of nasal catarrh and bronchitis in 
February 1946 This was followed by the onset of progressive exertional 
dyspnoea, and later by attacks of paroxysmal nocturnal dyspnoea, diagnosed 
in June as bronchial asthma From this time he complained of increasing 
abdominal and chest pains, severe enough to make him take to hie bed, and 
of muscular pains and paraesthesia in the extremities The pains led to 
sleeplessness and loss of weight He was admitted to hospital on July 30 
He was lU apathetic, and apyrexial, with a pulse-rate of 100 and a normal 
cardiovascular system Exammation of the chest showed prolonged expira- 
tion and scattered rhonohi There was no tumour, tenderness, or ngidity on 
abdominal palpation, but there was moderate non-tender enlargement of 
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appetite returned, and he began to put on weight His skin eruptions healed 
and ]omt pains and swelling disappeared, while the white blood-count fell to 
normal He was discharged from hospital, well, on December 3, 1943 


PolyartenUs in Childhood 

Paediatric aspects of polyarteritis nodosa have been dealt with by Rothstem 
and Welt (1933), Vming (1938), Keith and Baggenstoss (1941), and Coe, 
Beisman, and De HofE (1941) Although the condition is found at all ages it 
IS less frequent in childhood than in adult life Thus, until 1933 only 23 cases 
had been recorded m children up to the age of 16 years, as compared with 
195 adult cases, an mcidence of 11 8 per cent (Rothstem and Welt, 1933), 
and 17 of these cases occurred between the ages of 10 and 16 years The 
pathological processes being similar at all ages, the climcal manifestations 
show a corresponding similarity, but as in many other childhood diseases the 
olmical picture appears more often to declare itself frankly, to show a more 
acute course and greater constitutional reaction, and to be less often 
comphcated by degenerative diseases While subacute and chronic cases, 
particularly m association with rheumatic infection, are frequent, some 
cases are very acute and one indeed has been recorded with death wit hin 
four hours of the onset (Thinnes, 1924) A study of the childhood cases 
reveals a higher mcidence of convulsions (m 60 per cent of Rothstem and 
Welt’s cases, as opposed to 15 per cent of the cases at all ages analysed by 
Hams, Lynch, and O’Hare (1939)), and a greater proimnence of lympha- 
denopathy, purpura and skm eruptions m general, peripheral gangrene, 
and arthralgias Otherwise the clinical course and the prognosis are not m 
any way dissimilar from those found m adult hfe 


Summary 

The chnical mamfestations of polyarteritis nodosa as recorded in the more 
important world hterature are detailed The pathology of the condition is 
briefly presented, and recent work on aetiology reviewed Many climcal 
features lend support to the experimental view that the condition represents 
a non-specific hypersensitive reaction of anaphylactic type to a variety of 
antigens There is suggestive evidence on chmcal and pathological grounds 
that a number of ill-understood conditions, of which lupus erythematosus, 
Loffler’s syndrome, and Libman-Saoks disease are the most important, may 
represent a localized form of acute artentis, analogous m nature and aetiology 
to polyarteritis nodosa The commoner chmcal manifestations m the various 
systems arc discussed, and nine cases briefly described The infrequency of 
signs often considered typical, the nature and behaviour of vascular hyper- 
tension, the simulation of surgical conditions m the abdomen, urinary 
findmgs, ophthalmoscopic appearances, the pathogenesis of polyneuritis, 
radiological findmgs, and the behaviour of the disease m children are 
discussed 
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tissue destruction and contracture In addition to penpheral gangrene, 
dcoalcificntion in the bony skeleton of the hands and feet may be similarly 
related to a gradual reduction of periplieral blood supply, and has been 
discussed by Kounlsky, Grncin, Bertrand, and Hinglais (1938) and Mondor, 
Duoroquet, and Ohvicr (1939) More specific types of skm eruptions have 
been occasionally recorded, and in this connexion a relationship to erythema 
nodosum (Klotz, 1917, Ophuls, 1923 , Spiegel, 1936) and lupus erythematosus 
(Cabot, 1938, Krupp, 1943) seems to be well substantiated The majonly 
of skin manifestations found in polyarteritis nodosa are of hypersensitive 
type, and lend further weight to the allergic hypothesis of aetiology 

Case 9 A fccovcrcd case wtf/i sLtn vecrosxs and oedeyna, simulating pyaemia 

A 23-ycarold Air Gunner was taken acutely ill in May 1943, with pam 
and swelling in the left elbow and other joints, and chest pam He had 
a temperature of 102° F. and a pulse-rate varying between 100 and 124 
Multiple, raised, erythematous patches appeared on the legs, arms, and 
abdomen, and in the course of a few days many of these became grey and 
necrotic at the centre He failed to respond to a course of sulphattuazole 
and became cntically ill, with moderate splenic enlargement the only other 
abnormal finding On the strength of on isolated positive blood-culture 
a tentative diagnosis of Staphylococcus aureus pyaemia was made, though no 
initial focus could be found on careful search He showed a white blood 
count of 49,600 cells per c ram with polymorphonuclear cells predominating, 
and this blood-picture was maintained throughout the illness without eosino- 
philia being found at any time Ho was then given a course of penicillin, 
receiving approximately 1,000,000 units during the fourth week m Jane, 
but this appeared to have no effect on the course of the illness He remained 
pyroxial, developed a remittent parotitis and celluhtis of the neck, and 
a marked degree of profuse postural oedema, though his ekm eruptions 
decreased in number and seventy His oedema was at first considered 
largely mflammatory in origin, but he showed a sinking fall m semm- 
protem, and a reversal of the albumin globuhn ratio (serum-albumm 2 07 
gm per 100 c c > serum-globuhn 3 59 gzn per 100 o c ), and his oedema was 
much improved by concentrated plasma transfusions His urme showed only 
occasional pus cells, while his heart and electrocardiogram, X-rays of chest 
and bones, blood-urea, and other ancillary tests remained normal, and there 
was no vascular hypertension Repeated blood-cultures were negative, and 
as the originally isolated staphylococcus proved coagulase-negative the 
diagnosis of staphylococcal pyaemia could not be sustained A second course 
of Bulphathi azole was given, without effect Early m August a new crop of 
skm eruptions occurred and muscle biopsy was performed Bbstologioally 
this showed an acute and subacute artentis and pen-artentis with necrosis 
of vessel wall and mfiltration with polymorphs, eosmophils, and leucocytes, 
diagnosed as polyarteritis nodosa by several pathologists Early m September 
hi3 condition became worse He was losing weight and had anorexia, with 
a high swinging temperature and repeated crops of tender, erythematous, 
raised patches over the trunk and limbs, jomt pams, accompamed by pen- 
articular Bwellmg and limitation of movement, and transient pericardial 
friction He contmued thus throughout September and most of October 
Towards the end of the latter month he showed a sudden and remarkable 
improvement, and lus temperature and pulse fell to norma] levels, his 
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GLYCOGEN DISEASE^ 

By T CRAWFORD 

(From the Department of Paediatrics, Glasgow University, and 
the Royal Hospital for Sick Children, Glasgow) 

With Plate 21 
Introduction 

The earhest description of glycogen disease was by Snapper and van Creveld 
(1928) m a paper entitled ‘Chronic Hepatogenic Hypoglycaemia m Child- 
hood’ Von Gierke m 1929 published full details of autopsies on two cases and 
called the condition ‘hepato-nephromegaha glycogenica’ Smce then oases 
have been described from all parts of the world except the Orient A variety 
of names has been employed, the ones now m most frequent use being 
‘von Gierke’s disease’ and ‘glycogen disease" or ‘glycogen storage disease’ 
(‘Glycogenspeicherkrankheit’ (Beumer, 1933)) More recently, Spanish and 
South Amencan authors have preferred the term ‘ glycogenic thesaunsmosis ’ 
(Werner, 1941 , Fongi, 1942) The essential feature of the condition is the 
accumulation of excessive quantities of glycogen m the liver, kidneys, or 
heart muscle Most often, by clinical cntena, the enlarged hver gives the 
only evidence of the disease, but cases have been descnbed in which only 
the heart was affected, cardiomegalia glycogenica (Bisohoff, 1932 , Putschar, 
1932 , Pompe, 1933) Mason and Andersen (1941) hmit the use of the name 
von Gierke’s disease to the hepatomegalic cases with evidence of impairment 
of the powers of glycogen mobilization At the time of their review they 
found only 34 examples reported m the hterature m which they considered 
the diagnosis established Smce that date cases have been reported by several 
observers, mcludmg Cohen (1942, two cases), Georger (1942), Acuna, Bonduel, 
and Albores (1942), Ramos and Martinez (1942), Manter and Bowman (1943), 
Crago (1944), and Martin (1944) The total number reported is thus still 
under 60 In the present paper a further three cases are described m which 
a detailed study was made of some aspects of carbohydrate metabobsm 


Case Reports 

Case 1 Male, aged 12 years at the time of these investigations He had 
been bom at full term after a normal labour and had appeared normal at 
birth There was no history of jaundice or other neonatal ailment The 
child was breast-fed for 13 months and was then given a mixed diet He cut 
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hiB first tooth at tho ago of nine months, walked at one year, and could talk 
a little at tho ago of one and a half years Between tho ages of six months 
and ono 3 ^car lie had had several attacks of vomiting, but these had cessed 
Bponlaneously It was at the age of If) months that the child’s abdomen was 
first noticed by the motlior to bo unusually large She did not seek medical 
advice until the boy was three years old, when ho started making frequent 
complaints of epigastric pains occurring usually once a day, particularly after 
meals Examined m hospital at that time, lie weighed 13 2 kg (normal for 
age, 14 0 kg ) and his height was 81 cm (normal for age, 89 cm ) Chnical 
examination did not show anv abnormality of heart, lungs, or nervous system 
The abdomen was distended and the greatly enlarged smooth liver extended 
9 cm below the costal margin in the right mid-claviculnr line The child was 
not scon again until ho was nine years of age, when his father brought him 
back to hospital because he was worried about the boy’s failure to grow 
Epigastric pains had ceased and lie had remained well during the six years 
since Ins prcMOus examination, and was progressing well at school His 
weight was 18 kg (normal for age, 2G 8 kg ) and his height 102 cm (normal 
for age, 127 cm ), and physical examination revealed essentially the same 
findings os on the xircvious occasion, tho liver now being palpable 10 cm 
below tho costal margin m tho right mid-clavicuIar line The Mantoux 
tuberculin skin tost was negative An X-ray of the carpus showed some 
dclnj' in the development of the centres of ossification, there were only six 
carpal centres and the lower ulnar epiphyseal centre had not appeared He 
findings thus corresponded to those of a normal child of six years of age 
The patient was readmitted to hospital at the age of 12 years when the 
metabolic studies whicli are reported below were earned out He had 
remained well since the previous visit to hospital and except for his smallnesa 
of stature had no complaint On examination he appeared well nourished 
and active His height was 117 cm and hzs weight 22 8 kg , compared with 
normal values for his age of 142 cm and 36 2 kg irespectively He corre- 
sponded in height and weight to a normal boy of seven years of age There 
was no lesion of the skin and tho lymphnodes were not enlarged Examina- 
tion of the lungs and heart gave normal findmgs The apex impulse was m 
the fourth loft intercostal space 5 cm from the mid-line, and radiological 
examination confirmed tho normal size of the heart The bver was atui 
greatly enlarged, dullness ascending to the sixth nb in the nght mid-olavioalar 
line, and tho lower border being palpable 10 om below the costal margin 
The spleen and the kidneys could not be felt Examination of the nervous 
system did not reveal any ahnormahty, and an assessment of the intelligence 
quotient gave a normal result The Wassermann reaction was negative, the 
plasma-cholesterol 103 mg per 100 c c and the blood-urea 26 mg per 100 c c 
The family history is of interest in this case A brother of the patient, five 
years his junior, was also observed in hospital Similar hepatic enlargement 
was present and, as a result of biochemical investigations, a presumptive 
diagnosis of glycogen disease was made Unfortunately, this child died of 
measles shortly after he was first seen and it was not possible to complete 
the observations An elder sister of the patient was stated to have been 
‘ like the boys’ in early childhood Exammed at the age of 16 years, she w^ 
normally developed mentally and sexuaUy and was only slightly below the 
exnected height and weight for her age Her liver, however, was palpable 
2 cm below the costal margin and it is possible that she was recovering from 
the disease A maternal uncle was also stated to have been hke the two boys 
in childhood, but to have ‘grown out of it’ 
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Case 2 Female This child was bom at full term and appeared normal at 
birth The birth weight was 6 lb She was bottle-fed on unmodified cow’s 
milk and appeared to thrive during the first year Walking and talking 
commenced about the age of one year and she cut her first tooth at 14 months 
It was at the age of 18 months that the mother first noticed the child’s 
abdomen to be swollen, and at this time there were frequent and bulky 
stools, unassociated with pain The family doctor who was consulted suspected 
tuberculous peritonitis and prescnbed cod-liver oil, which was taken regularly 
for the succeeding six years At the age of four years she had had an attack 
of ]aundice which lasted for 10 weeks, but then apparently cleared up com- 
pletely She also made good recoveries from measles and whooping-cough m 
the same year The child was first brought to hospital at the age of eight 
years on account of her small size and swollen abdomen Her height was 
106 cm (normal for age, 122 cm ) and her weight 17 8 kg (normal for age, 
24 kg ) On examination she appeared to be m good general health The 
skin was normal and there was no lymphnode enlargement The respiratory 
and nervous systems appeared to be healthy The cardiac apex impulse was 
mdefimte m position, but the area of cardiac dullness was withm normal 
limits, and the heart sounds were pure The bver was greatly enlarged and 
felt smooth and of firm consistence , it extended 1 1 cm below the costal 
margin in the right mid-clavicular hne The nght kidney was ]ust palpable, 
but the left kidney and the spleen could not he felt Tie Mantoux tuber- 
culm skin test was strongly positive An X-ray of tbe chest showed some 
vascular congestion of the lungs and sbght enlargement of the cardiac shadow 
Unfortunately, the child contracted chicken pox while in hospital and had 
to be discharged before the mvestigations were completed Subsequently she 
attended hospital as an out-patient, but she was not readmitted until she was 
13 years of age, when the metabohc studies reported below were made She 
had remained well since the previous admission except for occasional vomiting 
attacks, and her only complamt was of her small stature Her height was 
120 cm (normal for age, 146 cm ) and her weight 20 6 kg (normal for age, 
36 9 kg ) Mental development was ahghtly retarded (intelligence quotient 
7 9 per cent ) Cardiac enlargement could no longer be detected by either clim- 
cal or radiologioal examination, but the bver extended 21 cm below tbe costal 
margm m the right mid-clavicular Ime, and both kidneys were palpable 
The spleen was still not palpable Intravenous pyelography showed consider- 
able enlargement of the parenchyma of both kidneys In addition to the 
metabohc studies reported below, the foUowmg tests were earned out at this 
time Wassermann reaction negative, plasma-cholesterol 239 mg per 100 o c , 
blood-urea 29 mg per 100 o c , and serum-protem 7 0 gm per 100 c o 
Blood cell counts and gastric acidity were normal When last seen at tbe age 
of 13| years the girl’s general health was rather poor , she had grown sbghtly, 
but was having attacks of vomitmg, usually occurring during the night, once 
or twice each month This patient was an only child and there was no history 
of any similar affection amongst her relatives 

Case 3 Male, aged one year and 11 months The child weighed 8 lb at 
birth and was breast-fed for eight months Jaundice was not observed in the 
neonatal period He appeared to thrive at first and at the age of eight 
months he had one tooth and could sit up unaided Little further progress 
was made, and at the age of one year and 11 months, when first seen m 
hospital, he could not stand or walk, and speech was barely commencing 
It was with these complamts that his mother brought him to hospital She 
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ako stated that she had noticed progressive abdominal enlargement smee 
the ago of 18 months and that ho had had frequent attacks of vomiting 
since then, and was losing noight She said that ho drank a great deal of 
•water, but did not pass an excessive amount of unno Ho had not had any 
previous illncM On examination ho was found to bo a fairly well-nounshed 
pale, flabby child His weight was 9 6 kg and his height 74 cm compared 
with normal values for his ago of 12 kg and 83 cm respectively The skm 
appeared healthy and the lymphnodes wore not enlarged The cardiac apex 
impulse lias palpable in tho fourth loft intercostal space 5 cm from the 


Table I 

Summary of Clinical Features 


Probftblo ago nt onset of symp 
tomfl 

Primary complaint 


Hepatic onlargomont 
Renal onlargomont 

Cardiac enlargement 

Splenic onlargomont 
Mantoux test 
Family Iiistory 

♦Percontngo of oxpocted weight 
♦Porcontngo of oxpoctod height 
Montal development 


Caso 1 

Case 2 

Case 3 

19 months 

18 months 

18 months 

Vomiting Abdo 

Abdominal dis- 

Abdommal d 

minal disten- 

tension 

tension 

sion 


A^'ornitiog 

Extromo 

Extreme 

Extreme 

Absent 

Present 

Present eorly 
Absent later 

Absent 

Slight early 
Absent later 

Absent 

Absent 

Absent 

Absent 

Negative 

Positive 

Negative 

Probable cases 

Negative 

Negative 

in siblings 


03 

66 

92 

82 

82 

86 

Normal 

Retarded 

Normal 


Calculated from figures obtained at the most recent examination 


raid-line, and the heart sounds were pure Radiological examination con- 
firmed tho normal size of the heart Tho respiratory and nervous systems 
did not show any abnormal physical signs The abdomen was considerably 
distended On palpation the liver was found to be greatly enlarged Its 
surface was smooth but firm, and it descended to the level of the ihao crest 
On the right side and to the level of the umbilicus m the mid-hne The 
spleen was not palpable, but the lower pole of the left kidney could be felt 
readily The anterior fontanelle was not quite closed (diameter 0 6 cm ), but 
an X-ray of the wrist showed the two centres of carpal ossification normal at 
that age Haematologioal exammation showed a mild hypochromic anaemia 
(haemoglobin 9 7 gm per 100 c o and red cells 4,760,000 o mm ) The 
Mantoux test and the Wassermann reaction were negative and the plasma- 
cholesterol was 124 mg per 100 oo Biopsy of the liver was earned out 
through a right paramedian abdominal incision The surface of the greatly 
enlarged hver was seen to be smooth and of normal colour, and the spleen 
appeared normal The specimen for examination was taken from the anterior 
inferior edge of the organ Chemical analysis of a piece of the tissue showed 
the glycogen content to be 7 69 gm per 100 gm of the moist weight Histo- 
logical sections stamed by haematoxylin and eosm showed the liver cells to 
be^ distended and translucent, the nuclei being displaced to the margins of 
the cells Preparations fixed m alcohol and stained by Best's carmine showed 
the majority of the liver oeUs to be packed with glycogen (Plate 21, Pigs 3 
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and 4), while a frozen section stained for fat showed this substance to be 
present only m minimal amounts Unfortunately there was not sufficient 
tissue available to carry out a chemical estimation of the fat After the 
laparotomy the child developed a right-sided basal bronchopneumonia which 
responded to sulphapyndine administration He seemed susceptible to re- 
spiratory mfection and had several mild bronchitic attacks durmg his stay 
m hospital On leaving hospital the child’s condition was unchanged He 
has smce attended as an out-patient and when last seen at the age of eight 
and a half years his condition showed httle change He had never been really 

Table II 

Fasting Blood-Sugar Levels in Glycogen Disease 


Case iFastong blood-sugar levels, mg per 100 c o 






- ‘ ~ 

64 


1 

49 

70 


— 

2 

84 

63 


61 

70 

3 

62 

47 


72 

64 


well and his abdomen had steadily mcreased m size Vomiting attacks were 
occumng about once a month, with occasional diarrhoea Btis weight was 
24 kg (normal for age, 26 4 kg ) and his height 106 cm (normal for age, 
124 cm ) He appeared very fat, but bright and cheerful and of normal 
mental development There was still no evidence of cardiac enlargement and 
the left kidney, formerly readily palpable, could no longer be felt The hver 
occupied the same relative position m the abdomen as before, its lower 
border passing from behind the right ihac crest to the level of the umbdicus 
This patient was the only child of an unmarried woman , the fa mil y history 
was untrustworthy and mcomplete, but no history of any similar affection 
amongst the mother’s relatives could be obtamed 

Some of the prmciple clmical features of these three cases are summarized 
m Table I 


Investigations of Carbohydrate Metabolism 
Mormng specimens of urme were tested by the Rothera and feme chloride 
tests on numerous occasions The urme from Cases 1 and 2 gave a brisk 
positive result with Rothera’s test on every occasion , with Case 3 weaker 
positive results and an occasional negative result were obtamed A positive 
feme chloride reaction was never obtained In each the concentration of 
ketones in the unne was found to increase after an mjeotion of adxenahn 
Blood-sugar concentrations were estimated by a modification of the method 
of Hagedom and Jensen (1923) With this method the fastmg blood-sugar 
levels of normal children were found to he between 66 and 106 mg per 
100 0 c , and m 70 per cent of normal children they lay between 76 and 
100 mg per 100 c o (Crawford, 1938) In each of the oases of glycogen 
disease the blood-sugar was estimated under fasting conditions on several 
occasions The duration of the period without food varied from eight to 
12 hours The results are shown m Table n It will be seen that the 
predominant values are subnormal, but that m each case one value about 
the lower limit of normal was obtamed 
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Oral glucose toloranco tests were performed in each case using a test dose 
of 2 gm of glucose per kilogram of body-weight for the youngest child (Case 3) 
and 1 gm per kilogram of body-weight in the two older children The 
results of the tests are given in Table III and shown graphically in Fig 1. 
The three curves are remarkably similar to one another In each carve 
a peak value is attained in the half-hour or one hour specimen, a fall occais 



Fiq 1 Blood Bugnr curves nftor oral glucose 
m three cases of glycogen disease 


m the subsequent specimen, and a secondary rise follows at two hours The 
expression biphasio has been used to describe such curves, but ‘double-peaked' 
seems more accurate and less ambiguous Ketonuria was present both at the 
beginning and at the end of the test m all, and m none did glycosuna occur 
Intravenons glucose tolerance tests were carried out m each case employing 
a standard procedure previously described (Crawford, 1938) and used in the 
investigation of coehac disease and thyroid disturbances (Crawford, 1939, 
1940) The test dose is 0 5 gm of glucose per kdogram of body-weight 
injected mtravenonsly as a 20 per cent solution in 0 9 gm per 100 c c sodium 
chlonde Blood-sugar estimations are made two minutes after the mjection 
and at 16-mmute intervals for 90 minutes The results are assessed by 
observing the tune at which the blood-sugar concentration, elevated by the 
injection, subsides to a level of 100 mg per 100 c c It has been shown that 
this time IS constant m normal subjects and that m each age-group the 
normal hmits are narrow and sharply defined In persons over 10 years of 
age (Cases 1 and 2) the faU to 100 mg per 100 oc should have occurred 
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•within 76 minutes , in a child of two years (Case 3), -withm 46 minutes The 
results of the intravenous glucose tolerance tests m the three cases of glycogen 
disease are given m Table IV In Cases 1 and 3 there was definite prolonga- 
tion of the time required for subsidence of the hyperglycaemia, while m 
Case 2 the tune required was equal to the longest time ever recorded m a 
normal child of the same age-group • Thus in two of the cases there was 


Table III 

Oral Glucose Tolerance Tests in Glycogen Disease 
Blood sugar, mg per 100 o o 



Age 

m 

Bast- 





Maximum Type of 

Case 

years 

ing 

i hr 

1 hr 

Uhr 

2 hr 

nse 

curve 

1 

12 

64 

111 

126 

101 

167 

103 

B[igh double- 








peaked 

2 

13 

64 

162 

117 

119 

122 

88 

Prolonged 









double- 

peaked 

3 

2 

62 

61 

92 

74 

102 

60 

Prolonged 









double- 

peaked 





Table IV 





Intravenous Glucose Tolerance Tests in Glycogen Disease 


§ 


Blood-sugar, mg 

per 100 0 c 




1 

/ 








a 

ti) 

9 fl 

1 


a 

a a 

1 


Case 

o 

fco 

3 a 

Ph 

lO 

a 

o 

CQ 

a 

lO 

a a 

O lO 

CO t' 

o 

o 

Type of 
curve 

1 

12 

49 294 

270 

198 

185 

126 103 

81 

Delayed fall 

2 

13 

63 232 

193 

167 

131 

111 84 

95 

Slow normal 

3 

2 

72 239 

168 

162 

134 

110 92 

— 

Delayed fall 

unpaired tolerance to 

intravenous glucose while in the third case the tolerance 


fell just within normal hmits 

Blood-sugar curves after the oral administration of laevulose (1 gm per 
kilogram of body-weight) were earned out in each case In Case 1 the 
greatest elevation of the blood-sugar above the fasting value was 29 mg per 
100 0 c , in Case 2 the rises on two occasions were 17 mg and 5 mg per 100 c o , 
and m Case 3 the nse was 21 mg per 100 o c Laevulosuna did not occur m 
any of the tests These findings are within the usually accepted limits of 
normal for the test (Tallerman, 1923) 

The effect of a subcutaneous injection of adrenahn hydrochloride was 
observed m each of the patients and also in a control senes of four children 
convalescent from minor ailments A test dose of 0 5 c c of a 1 1,000 
solution of natural adrenalm hydrochloride from a freshly opened bottle was 
used m all the children, except Cose 2 which received 0 76 o c In makmg 
this test in suspected glycogen disease it is of prime importance to test the 
adrenahn solution used on a normal subject to make certain of its potency 
Several samples have been encountered with no hyperglycaemic action on 

tQ ItOTf Scries Ko. 00} Y 
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normal subjects The results of the test are given m Table V, and m Fig 2 
mean curves are drawn from the patients and the control subjects In the 
patients with glycogen disease the increases noted m the blood-sugar level 
after adrenalm administration were trivial in corapanson with those obtained 
in the control cases In the former the rise vnned from 21 to 37 mg per 
100 c.c whereas in the latter the smallest nse noted was 84 mg per 100 o c 



Time in hours 

Fxo 2 i^Icon blood-sugar curves after adrenalin injection in three cases 
of glycogen disenso and four control normal subjects 


Table V 

Bhod-Siigar Curves \n Ghjcogm Disease and Control S^ibgects Folloimng 

Adrenahn Injechoiis 


o 

w 

0 

1 
2 
3 
A 
B 
C 
D 


e 

c 

o 

>> 

s 

o 

tc 

< 

12 

13 

2 

4 

8 

9 

12 


Blood sugar, mg por 100 c o 


ta 

s 

a 

S 


5 

c 

s 

a 

a 



•*3 

m 

S 

s 

fi 

e 

a 

a 


S i S 

) 


15 

o 

CO 

lO 

o 

lO 

l> 

o 


s a t 

1 Chnical condition 

70 

83 

82 

91 

88 

69 



— 

21 

Glycogen disease 

01 

03 

72 

70 

76 

83 

68 

— 

22 

Glycogen disease 

47 

62 

61 

66 

77 

79 

84 

06 

37 

Glycogen disease 

94 

131 

160 

178 

164 

118 

88 

— 

84 

Control 

9C 

118 

143 

160 

178 

181 

130 

— 

85 

Control 

80 

101 

166 

190 

114 

94 

90 

— 

110 

Control 

77 

128 

167 

163 

— 

133 

— 

106 

86 

Control 


Blood “glycogen levels were determined by the method of van Creveld (1934) 
Estimations were made m each case of glycogen disease and also m a number 
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of choldren with a variety of other diseases The results are shown m 
Table VI, where they are graded m descending order It will be seen that 


Table VI 


Olycogm Content of the Blood %n Cflycogen Disease and Various other Conditions 


Case 

Age in years 

Blood-glycogen, mg 

3 

2 

26 6 

2 

13 

23 0 


6 

13 1 

■ 

8 

72 

1 

12 

68 



11 

66 

— 


6 1 



7 

60 

■ 

7 

60 



3 

60 



7 

60 

— 

10 

46 




43 

— 

m 

38 

— 

Hi 

20 


Olmioal condition 

Glycogen disease 
Glycogen disease 
Leukaemia 
Oesophageal stnoture 
Glycogen disease 
Diabetes meUitus 
Bronchieotasis 
Tonsillitis 
Cretin 

Cerebral diplegia 
Khenmatism 
Tonsillitis 
Rheumatism 
Diabetes meUitus 
Cerebral diplegia 


Tabm VII 

Plasma and Urinary Diastase in Oa^es 1 and 2 

Drme 






Diastase 

Plasma 






' \ 

diastase. 



Volume, 

Umts 

Total 

unite 

Case 

Day 

0 0 

per c 0 

umts 

per c 0 

1 

1 

660 

26 6 

14,676 

— 


2 

496 

18 6 

9,168 

70 


3 

720 

19 6 

14,040 

— 

2 

1 

780 

210 

16,380 




2 

660 

20 0 

13,200 

82 


3 

645 

19 6 

12,677 

— 


Table Vm 


Summary of Results of Investigations of Carbohydrate Metabolism 


Test 

Ketonnna (Rothera) 

Fasting blood sugar 

Oral glucose tolerance 

Intravenous glucose tolerance 
Laevulose tolerance 
Adrenalm hyperglycaemia 
Blood glycogen 
Plasma and urmary diastasfe 


Case 1 Case 2 


Case 3 


Constant 
Usually sub- 
normal 

Double peaked 
curve 
Impaired 
Normal 
Dunmished 
Normal 
Normal 


Constant 
Usually sub- 
normal 

D ouble-peaked 
curve 

Slow normal 

Normal 

Dnmiushed 

High 

Normal 


Inconstant 
Usually sub- 
normal 

Double-peaked 

curve 

Impaired 

Dunmished 

High 


m two of the cases of glycogen disease the blood-glycogen concentration was 
far in excess of that found in other conditions In the remaining case (Case 1) 
the concentration seems to be about the upper limit of normal In only one 



294 QUARTERLY JOURNAL OF MEDICINE 

otlier case, a child aged six years with acute myoloblastio leukaemia, was 
a blood -glycogen a1>ovo the general lexol obtained 

Estimations of the diastatic activity of the blood-plasma and the urine 
were made by the method of Ckihon and Dodds (1924) in two of the cases of 
glycogen disease The results are shown m Table VII They fall well withm 
the normal range of three to 10 units for the plasma and 8,000 to 30,000 
units per diem for the urine (Harrison and Lawrence, 1923 a. 6) 


Di^cvssion 

A fnTnilml tendency m glycogen disease, os observed in Case 1 of the 
present senes, has been noted previously by Exebaquet (1931), Smith and 
0’Fl3Tin (1933), Warner (1933), Unshelm (1934), Worster-Drought (1935), 
Elhs and Paj’nc (193G), and Cohen (1942) The fact that the disease has 
been found significant!}^ frcquontl}’' in the children of consanguineous parents 
(van Crovcld, 1939 , Unshelm, 1932 , Ellis and Payne, 1930) suggests that it 
raaj” bo inherited ns n recessive charactcnstic 

Ketonuna and hypogl} cacmia have been found m the great majontyof 
cases of glj cogen disease recorded, though m several, as in Case 3, their 
presence has been inconstant Lindsay, Ross, and Wigglesworth (1935j re- 
ported a case, confirmed by licpatzc biopsy, m which ketosis was not present 
Opinion regarding the origin of the ketosis of glycogen disease has undergone 
a change in recent years Earlier physiologists (Woodyatt, 1910, Shaffer, 
1923) regarded ketone bodies as abnormal products of the intermediary 
metabolism of fat, produced when fat katnbolisra was proceeding in the 
absence of a proportionate amount of carbohydrate oxidation Later wort, 
reviewed recently b}" Soslan (1941) and Soskm and Levine (1944), has 
established that ketone bodies are a normal product of fat oxidation, and 
that considerable quantities arc readily utihzed by the tissues (Jowett and 
Quastel, 1 935 , Wick and Drary, 1 941) It has also been shown by extirpation 
expenments that the hver is the only important site of ketone production 
(Fischler and Kossow, 1913, Leites and Odmow, 193G, Mirsky, 1936) 
Clmical ketosis thus occurs m any condition m which the rate of fat kata- 
holism IS increased to a level at which the production of ketones exceeds the 
rate at which they can be oxidized in the tissues It is essentially mdependent 
of the prevailing rate of carbohydrate oxidation The theoretical possibility 
that ketosis might result from a failure of penpheral utilization of ketones, 
even with a normal rate of ketone production, has been investigated by 
Chaikoff and Soskm (1928), Stadie, Zapp, and Lukene (1940), and Fnederoann 
(1936), but there is no evidence that such a condition occurs From these 
considerations it may be deduced that m glycogen disease, with its persistent 
ketosis, there is a persistently increased rate of fat katabolism In contrast 
with this the evidence discussed below mdicates that glycogen katabolism 
proceeds at a subnormal rate or may be almost entirely m abeyance It 
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therefore appears 
by the reaction 


that the normal immediate control of the blood-sugar level 
Glucose Glycogen v Glucose 


IS taken over in glycogen disease 
complex reaction 

Glucose >- 


by what is physiologically a secondary and 



Ketone bodies ‘ 
Glucose 


This production of carbohydrate from fat, though for long debated by 
physiologists, IS now a generally accepted occurrence (Soskm, 1941) The 
ketone bodies produced m this way, while they may lead to acidosis and 
dehydration when their concentration is high, are not to be regarded as 
whoUy noxious substances It has been shown that an animals suffering from 
ketosis utilization of ketones by the tissues may account for as much as 
60 to 80 per cent of the oxygen consumption and energy production of the 
body (Barnes, Drury, Greeley, and Wick, 1940, Wick and Drury, 1941) 
Glycogen disease thus forms a clear-cut exception to the rule, recently 
expoimded by Mirsky and Nelson (1944), that glycogen stores in the hver are 
associated with a well-maintained fastmg blood-sugar level without ketosis, 
whereas m the absence of adequate glycogen stores the blood-sugar tends to 
fall and ketosis develops In glycogen disease the ketosis and low blood-sugar 
level are known to be associated with abnormally great stores of glycogen 
The double-peaked blood-sugar curve found after oral administration of 
glucose in all the present cases has been reported also by van Creveld (1934) 
All forms of curve, however, have been reported by other workers Thus, in 
the case of Lmdsay, Ross, and Wigglesworth (1936) the curve was low, while 
one patient of Schall (1932) exhibited a high prolonged curve The explana- 
tion of these irregular findings is uncertam , they are probably related to 
irregularities m the rate of absorption and to variations in the glycogen 
saturation of the hver at the time of the test 

The findmg of a greatly increased amount of glycogen m the blood in two 
of the present cases agrees with results obtamed by van Creveld (1934), 
Schonheimer (1929), Hertz (1933 a), and Sundal (1936) On the other hand, 
Schall (1932) and Rauh and Zelson (1934) found diminished amounts, and m 
Anderson’s (1936) case the value was normal These latter cases, with Case 1 
of the present senes, are to be regarded as exceptions to the more usual 
finding It may be said that the finding of a raised blood -glycogen is impor- 
tant evidence in favour of the diagnosis of glycogen disease, but a normal or 
low blood-glycogen level does not exclude the possibihty of that diagnosis 
The only other condition observed to cause considerable elevation of the 
blood-glycogen is the presence of a greatly increased leucocyte count, as in 
leukaemia 

Diminution of the hyperglycaemio effect of adrenalin is perhaps the most 
constant and characteristic feature of glycogen disease, and mdeed Mason 
and Andersen (1941) have accepted as von Gierke’s disease only those cases 
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which showed this feature or gave unequivocal evidence of abnormal per- 
sistenco of glycogen m the liver at biopsy or autopsy Many cases reported 
have shown no rise whatsoever of tho blood-sugar m reponse to adrenalin 
There aro three possible explanations of such a diminished hyperglycaemio 
action of ndrennlin 

(1) Hypcrmsulinism, causing increased glycogen formation (Wilder, 

Allan, Power, and Robertson, 1927) 

(2) Absence of a hepatic glycogen store, such as may occur m extreme 

fatty infiltration of tho hver (Bjorum, 1927) 

(3) Defective mobilization of liver glycogen 

In glj^cogcn disease the second of these possibilities can be immediately dis- 
carded, leaving only tho alternatives, abnormally vigorous glycogen formation, 
as occurs in hyponnsulmism, or failure of glycogcnolysis Results of the 
intravenous glucose tolerance tests in tlio present coses show clearly that 
thoro 18 no abnormally active storage of glucose proceeding , the process is in 
fact somewhat tardy, for the fall of tho intravenous curve is delayed m two 
of the cases Tlic only other case traced in which a satisfactory mtravenoas 
tolerance test lias been earned out is that of Mason and Andersen (1941), 
and hero also an impaired tolerance was reported These findings exclude 
the possibility of hypermsulmism or anj^ other cause of rapid glycogen 
formation being responsible for the accumulation of glycogen in this disease 
Thoro remain tho two possible causes of failure of glycogenolysis , that the 
glycogen of the liver and other organs is abnormally resistant to normal 
glycogenolytic processes, or that there is a failure of action of the hepatic 
glycogcnol3^tic ferment While two of the present cases showed normal dia- 
statio activity of the plasma and urine, other investigators (Loeschke, 1932, 
Hertz, 19336 , Rauh and Zelson, 1934 , Hamapp, 1936) claim to have found 
the activity of the blood to be low and that of the unne high The sigm- 
ficance of these findings is doubtful as it is uncertain that the diastatic 
cnzjune appearing in the blood and unno has any connexion with the normal 
glycogenolytic ferment of the liver 

The question whether tho fault lies in the mechanism controUmg the 
formation and breakdown of glycogen has been studied by Mason and 
Andersen (1941) Thc3’’ showed, m a single case, that glycogen extracted 
after death from the liver of their patient was normally split by a liver mash 
from two other subjects, but that a mash prepared from the patient’s hver 
was incapable of breaking down glycogen either from the patient’s hver or 
from any other source Argmng from their observation, agam on a smglc 
case, that laevulose and galactose given orally caused no nse of the blood- 
sugar, whereas glucose caused a high and prolonged nse, Mason and Andersen 
propounded the h3q)othesifl that the liver is unable to fix glucose, but builds 
lip its enormous glycogen stores from absorbed laevulose and galactose, and 
that the mechanism for the mobilization of this glycogen is also defective 
This hypothesis postulates a double fault in glycogen disease, failure to 
form glycogen from glucose and inability to convert glycogen formed from 
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other sources into glucose The two changes in the reversible reaction 
glucose ^ glycogen are presumed to be at fault In the present investigation 
the blood-sugar curves after oral laevulose administration, though not so 
flat as the curve obtained by Mason and Andersen, are within normal himts 
and probably mdicate some degree of hepatic glycogen formation from this 
sugar In general it may be said that the results of investigations in the 
present senes of three cases are not inconsistent with the hypothesis which 
Mason and Andersen have mtroduoed 

Summary and ConclusionB 

Three cases of glycogen disease are described in which a detailed investiga- 
tion of some aspects of carbohydrate metabolism was earned out The results 
of these mvestigations are summarized in Table Vlll The occurrence of an 
impaired tolerance to intravenous glucose, an mvestigation only once pre- 
viously reported m glycogen disease, is confirmed From a survey of the 
available evidence it appears that m this disease the reversible reaction by 
which glucose is converted mto glycogen and glycogen to glucose is at fault 
This leads to a greater or less degree of carbohydrate starvation of the tissues 
with consequent mcreased metabolism of fat and the production of ketones 

Thanks are due to Professor G B Fleming for his valuable onticism and 
advice, and to the laboratory and clmical staflfe at the Hospital for the 
assistance which they have given 

The expenses incurred m the mvestigation were defrayed by a grant from 
the Medical Research Council 
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THE AETIOLOGY OE CHLOROMA AND THE NATURE 
OE THE GREEN PIGjMENTi 

A REPORT OE THREE CASES 
By J G HUMBLE 

(Erom the John Burford CarliU Laboratories, Westminster Hospital) 
With Plates 22 and 23 

The ranty of chloroma and the fact that it is hardly ever diagnosed 
during life have rendered obscure many points in the onset and course of 
the disease Most of the recorded cases are found in patients suffenng from 
acute myeloid leukaemia, occasional cases occur in chrome myeloid leukaemia 
(Brannan, 1926), one case is recorded in eosmophilio leukaemia (Seenan and 
Sajzewa, 1928, cited by Pmey, 1939), and there is one case of the condition 
occurrmg in monocytic leukaemia (Gump, Hester, and Lohr, 1936) The 
essential nature of the green tumours is not clearly estabhshed , some obser- 
vers classify them as true neoplasms, others as exaggerations of the infiltra- 
tions of leucocytes commonly found in all organs m all types of leukaemia 
Their relation to other reticuloses and retioulosarcomata (Robb-Smith, 1938) 
IS given in the Oxford Lymph Node Registry Classification (1946) as myelo- 
blastoma The nature and significance of the green pigment have been but 
little studied The two mam opimons of its nature are, firstly, that it is a 
lipochrome, which apparently onginates from the work of Chian (1883), and 
secondly, that it is a blood derivative (Risel, 1902, cited by Ewing, 1940) 
In the present paper three cases of the disease have been studied The first 
in a young man, occurring during the treatment of an apparently typical 
case of chrome myeloid leukaemia, the second xn a young man with primary 
symptoms of acute testicular disease due to acute myeloid leukaemia, and 
the third m a woman of 61 years, the subject of monocytic leukaemia 
Further, the author has been permitted to study the specimens of Hall (Hall, 
Hebh, and Bemstem, 1909, Hebb, 1909) and Pulvertaft (1936), which are 
preserved in the Pathological Museum of the Westminster Hospital School 
of Medicine He has also exammed, by permission of Dr N H Ashton, a 
specimen of massive subendocardial chloroma of the heart occurring in a case 
of eosinophibc leukaemia On this material the nature of the pigment has 
been studied chemically and spectroscopically 

Case Reports 

Case 1 Chloroma comphcaling chrome ^nydoxd leiikaemta during ireaiment 
tvUh X-rays The patient, a young man, was first diagnosed as suffenng from 

^ Received Juno 16, 1946 


IQ*J New Scrict No 00) 




THE AETIOLOGY OF CHLOROIIA 


301 


adherent to the chest-wall and there was an apical empyema containing 
abont 100 c c of pus Here the upper lobe was collapsed and fibrotic The 
mediastinal structures were drawn to the left side The nght lung (610 gm ) 
was congested The heart (390 gm ) was large, due to dilatation of the cavities 
There were many subepicardial haemorrhages The cavities contamed bright- 
green blood-clot The left ventricular muscle showed ‘tabby-cat’ stnation 
The valves and coronary vessels were healthy The oesophagus, stomach, 
small mtestine, and large mtestine were healthy The hver (2,900 gm ) was 



Fig 1 Graph, ahomng the fall la red cells and haemoglobin m Case 1 
after the onset of pam m the left thigh 


grossly enlarged, yellow m colour, and macroscopically fatty The gall- 
bladder and pancreas were healthy The spleen (2,950 gm ) was greatly 
enlarged The cut section was homogeneous and dark pink in colour There 
were no obvious infarcts The pituitary, thyroid, and suprarenal glands 
appeared healthy The tonsils were of normal size There was an enlarged 
haemorrhagic lymph node m the superior mediastinum In the hilum of the 
spleen and along the ahdommal aorta were several enlarged white lymph 
nodes Two green nodes were found at the bifurcation of the aorta lie 
kidneys were pale but otherwise healthy There were four small plaques of 
green tumour lying over the vertex between the dura mater and the skull 
The orbits appeared healthy The brain was congested and the convolutions 
flattened There were small deposits of green tumour lying external to the 
dura mater m the region of the pituitary fossa The left femur was exposed 
and removed It was sheathed in an irregular green tumour mass (Plate 22, 
Fig 5) which extended from the great trochanter to ]ust above the femoral 
condyles On stripping the tumour from the bone, dehcate bony spicules 
extending into it from the bone were found On section the marrow con- 
tained a mass of green material The knee-pmt was not involved The 
skull, ribs, sternum, and right patella were similarly packed with green 
material A small subperiosteal green nodule was found over the nght fibula 
All the green material described faded slowly to a dirty yellow colour on 
exposure to air The colour could be restored with reducing agents This 
green matenal gave a dull-green fluorescence in ultra-violet hght filtered 
through Wood’s glass 

Histologxcal findings The matenal was fixed m 10 per cent formol saline 
and embedded in paraffin Frozen sections were out when indicated Sec- 
tions were cut from the tumour mass around the left femur, the kidneys, 
the spleen, the green lymph node, the liver, the pituitary gland, and the 
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chronic myeloid leukaemia in June 1930, at the age of 18 years The white 
blood count was 000,000 per c mm Ho then complained of tiredness and 
a swelling in the abdomen The duration of the symptoms was about one 
montli In 1930 an attack of lobar pneumonia had been followed by a left 
apical empyema which was surgically drained with resection of part of the 
Bi\th, seventh, nnd eighth ribs, and the resulting sinus never remained healed 
On examination, ho was a slim, intolbgent young man The spleen was 
very large, liard, and extended past the umbilicus At this time the hver 
wns not enlarged There wore no other abnormal findings A blood count 
on December 12, 1939, showed haemoglobin 70 per cent , red cells 3,520,000 
per cmm», white cells 112,000 per emm , poljnnorpha (neutrophils) 25 per 
cent , neutrophil myclooyles 78 per cent , and myeloblasts 6 per cent The 
blood-film showed a normal number of blood-platelets and a few nonno 
blasts Ho w as treated w itli X-rays to the spleen at appropnate intervals 
nnd responded well The red cells rose slowly to 5,530,000 per o mm and the 
haemoglobin to 102 per cent on June 13, 1941 He remained in good general 
nnd liacmatological condition until October 1942 Between December 1939 
and Octolior 1942 32 blood counts all showed chronic myeloid leukaemia 
Myeloblasts were found on five occasions only, and their highest level was 
five per cent of 194,000 while cells on November 14, 1941 In October 1942 
he developed a mild anaemia, haemoglobin 78 per cent , red cells 4,100,000 
per c mm , nnd was admitted to hospital On examination his cbnical con 
dition was httlc changed Ho was treated with iron, and left hospital on 
December 20 A blood count on December 18 sliow^ed haemoglobin SO per 
cent , red cells 4,200,000 per c mm , nnd white colls 15,000 per c mm ,neatro 
phil myelocytes 4 ^ per cent , polymorphs 50 per cent , and lymphocytes 7 per 
cent , and an occasional nueieated red coll was seen in the blood -film On 
January 5, 1943, at 3 a m , ho wns awakened by a severe pam m the left 
thigh nnd both knees The pain soon left the right Icnee, leaving a severe, 
persistent, deop-seated pain in the left thigh The pain could be aUeviatcd 
onl}^ by morphia He was readmitted to hospital on January 11 On ex- 
amination lie was pale and ill The temperature was 100 4^ F and puke 80 
There were many petechial haemorrhages on the trunk and legs There was 
nn ill-defined, tender swelling around the shaft of the left femur, apparently 
involving the quadriceps femoris muscle There were many retinal haemor 
rhages The hver was palpable A blood count showed haemoglobin 66 
cent , red colls 3,390,000 por c mm , white cells 149,000 per emm , blood- 
platelets 50,000 per c mm , neutrophil mye]oc3d;e3 68 per cent , and 
morphs 32 per cent Ho was treated with vitamin P by mouth, vitamin K by 
injection, two apphcations of X-rays to the spleen, and a transfusion oi 
540 c c of blood An X-ra}^ of the left femur on January 26 show ed extensive 
hnear calcification m the soft tissues suggesting an old organiTung haemorrhage 
(Plate 22, Fig 3) He improved slightly and left hospital on February 26, 
but was readmitted on May 24, and died in coma on May 27, 1943 A further 
X-ra}’ of the left femur on May 25 had shown considerable roughenmg of 
the periosteum (Plate 22, Fig 4) The blood counts from October 1942 to 
his death are shown graphically m Fig 1 The rapid fall of red cells and 
baemoglobm after the onset of pain m the thigh is well seen 

The post-mortem examination was peHormed on May 28, 20 hours after 
death The body was that of a moderately well-nounshed young 
There w’as a small sinus immediately posterior to the left axillary fold The 
pharynx, larynx, and trachea were healthy The bronchi were 
reddened and contamed a little altered blood The left lung (610 gm ) was 
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physical signs in the chest or central nervous system The abdomen was 
distended and doughy on palpation Tender and irregular masses could be 
felt m the left ihac fossa and right midzone The left inguinal lymph nodes 
were moderately enlarged The hver and spleen were palpable The right 
testicle was swollen but not pamful The prostate was thought to be en- 
larged The stools were pale The urme contamed much bile and a trace of 
albumm On October 23 a blood count showed haemoglobin 120 per cent , 
red cells 6,090,000 per c mm , mean corpuscular haemoglobin 27 3 yy, white 
cells 7,900 per c mm , polymorphs (neutrophil) 70 5 per cent , eosinophils 
4 5 per cent , basophils 1 per cent , neutrophil myelocytes 3 per cent , lympho- 
cytes 15 per cent , monocytes 6 per cent , mean corpuscular diameter 7 5 ft 
(Eve’s halometer), and blood-platelets 176,000 per o mm X-rays of the chest 
and abdomen on October 24 showed no abnormabty Sternal puncture was 
attempted on October 25, but no specimen of marrow was obtained On 
October 26 the van den Bergh reaction gave a biphasic direct reaction, 
indirect reaction 10 3 mg of bilirubin per 100 c c On October 27 no tubercle 
bacilli were found m a 24-hour specimen of urine On October 29 a blood 
count showed haemoglobm 93 per cent , red cells 4,620,000 per c mm , 
volume of packed red cells (Wmtrobe) 46 per cent , mean corpuscular haemo- 
globm 28 3 yy, mean corpuscular volume 95 6 c mean corpuscular haemo- 
globin concentration 28 4 per cent , white cells 10,400 per c mm , myeloblasts 
0 5 per cent , neutrophil myelocytes 6 per cent , polymorphs 72 5 per cent , 
lymphocytes 10 6 per cent , monocytes 4 5 per cent , and Tmck cells 1 6 per 
cent On October 30 a laparotomy was performed Large fleshy masses 
apparently of lymph node ongm were found in the root of the mesentery and 
hilum of the bver The omentum contained many deposits A lymph node 
from the mesentery and a portion of the omental fringe were removed for 
section A histological diagnosis of reticulosarcoma was made The patient 
recovered well from this operation He had much nausea, relieved by washmg 
out the stomach From November 5 the unne was free from bile A course 
of X-irradiation was considered, but on November 12, before any therapy 
could be instituted, he became much worse On wakmg he complained of 
diplopia and showed coarse nystagmus on lookmg to the right and left 
There were petechial haemorrhages on the trunk The thyroid gland was 
found to be moderately enlarged A lymph node was felt m the left supra- 
clavicular fossa The liver and spleen were palpable The temperature was 
100 4°F , and pulse 110 The patient died at 12 60 am on November 13 
The duration of illness was 36 days 

The post-mortem examination was made 12 hours after death The body 
was that of an emaciated, jaundiced youth The right paramedian incision 
had healed m the superficial layers, but showed haemorrhage mto the deep 
layers The upper respiratory tract and trachea showed nothmg remarkable 
Both lungs (right 580 gm , left 660 gm ) showed much oedema The left lung 
was adherent to the chest-wall by old adhesions The heart (250 gm } was 
normal in size and shape The heart muscle, heart valves, and coronary 
arteries were healthy There were small, flattened, greenish-yellow, subperi- 
cardial plaques m the area of the tip of the left ventricle The blood was 
every w' here fluid and pale except for two small grass-green fibrin clots in the 
cavities of the ventricles The oesophagus and stomach were healthy The 
small and largo intestines contained much fresh and altered blood The 
mesentery of the small intestme was greatly infiltrated by a greenish-yellow 
mass, apparently contmuous with a mass of matted lymph nodes around the 
aorta and vena cava The appendix (five inches in length) was a thick 
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bono-marrow of the left femur The hvor showed periportal infiltrations of 
immature lcncooyte«(, mam]y myolooytes Nucleated red colls wero nob found 
Tho vessels, ns m all the preparations, were full of immature and mature 
grnnnlocjtcs Tho liver cells shoued some degree of fatty change The 
kidneys sliovcd some infiltrations of myeloid cells, but these were not pro 
minent Tho parenchyma was substantially healthy Tho spleen showed 
engorgement of tlio sinuses with red cells and immature granulocytes, the 
normal splenic architecture was not seen, and the Malpighian centres could 
nob be identified Tho lymph node show'^cd hypertrophy of the medulla due 
to the presence of cells similar to those in the tumour, with obliteration of 
tho Ij mph follicles The sinuses contained immature granulocytes A sec 
tion stained by »Sw cot’s method showed that tho reticulum pattern of the 
gland was much disorganized, but delicate threads of reticulum wore demon- 
strated throughout tho gland Two small venules in the connective tissue 
around tho gland showed well the contents of tho blood-vessels throughout 
tho body Tlic bonc-mnrrow of tho femur showed fibrous areas containing 
cells identical with the tumour, alternating with areas of granulopoiesis and 
active cr^ thropoicsis The pituitary gland was essentially normal, but the 
meninges around showed invasion by tumour masses reserabhng the tumour 
around the femur The femoral tumour presented a different picture from 
tho myeloid infiltrations in the liver and kidney It consisted of large cells, 
many m mitosis, invading tho surrounding muscle At its penphery were 
many phagocytes containing free iron The tumour cells were large (appron- 
matcly 15 to 20 /x) Some had an oval nucleus, but most a bent or horseshoe 
nuclciiB which, m unstained preparations and in May-Grunwald Giemsa- 
stamed sections, had siv nuclear spaces The cytoplasm was non granular 
Tho nuclear appearance was well seen m sections stained by iron haema- 
to\ylm and van Gicson (Plate 23, Fig 0) The tumour cells gave a strongly 
positive ovidase reaction (benzidine and glacial acetic acid, followed by 
hydrogen peroxide) Tho blue colour was not confined to granules in the 
cells, b^ut coloured the cytoplasm and tho nucleus m a uniform manner Th® 
tumour cells resembled the cell pictured by Osgood as No 58, ‘an atypical 
granuloblast’ (Osgood and Ashworth, 1937), they were not found in the 
spleen and kidney, and did not resemble the leukaoraio cells m the blood- 
vessels Frozen sections of the tumour did not show granules or aggregations 
of pigment, or any structures stamable by fat stains 


Cast 2 Acute myeloid IculMemia lermxnaUng as cliloroma The patient was 
a young man of 18 j'^cars In April 1944 he had an attack of acute left-sided 
frontal sinusitis lasting one week He had previously been well, except for 
an attack of mumps in 1943 On October 9, 1944, his right testicle became 
swollen and painful This was accompanied by frequency of mictuntion 
The testicle, epididymis, and vas were swollen , the vesicles and prostate 
appeared healthy A midstream specimen of urine showed a trace of albumin 
and an occasional red blood-cell m the centrifuged deposit A tentative 
diagnosis of tuberculous epididymo-orohitis was made, and he was recom- 
mended for admission On October 13 he developed pain in the right 
side of the chest and m the abdomen The pam was colicky, brought on by 
food and associated with nausea and vomiting, but not relieved by it The 
nain was persistently present, and on October 17 mild jaundice developed 
He was admitted to hospital on October 21 On examination he was a pamd, 
+]iin vouth with shght Icterus There were peteohiae on the soft palate and 
bSod around the upper left molar There ware no abnormal 
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physical signs m the chest or central nervotis system The abdomen was 
distended and doughy on phlpation Tender and irregular masses could be 
felt m the left abac fossa and right midzone The left mguinal lymph nodes 
were moderately enlarged The bver and spleen were palpable The right 
testicle was swollen but not pamful The prostate was thought to be en- 
larged The stools were pale The urme contained much bile and a trace of 
albumin On October 23 a blood count showed haemoglobin 120 per cent , 
red cells 6,090,000 per c mm , mean corpuscular haemoglobin 27 3 yy, white 
cells 7,900 per o mm , polymorphs (neutrophil) 70 5 per cent , eosinophils 
4 6 per cent , basophils 1 per cent , neutrophil myelocytes 3 per cent , lympho- 
cytes 16 per cent , monocytes 6 per cent , mean corpuscular diameter 1 5 ft 
(Eve’s halometer), and blood-platelets 176,000 per c mm X-rays of the chest 
and abdomen on October 24 showed no abnormahty Sternal puncture was 
attempted on October 26, but no specimen of marrow was obtained On 
October 26 the van den Bergh reaction gave a biphasic direct reaction, 
indirect reaction 10 3 mg of bihmbin per 100 c c On October 27 no tubercle 
bacilli were found m a 24-hour specimen of unne On October 29 a blood 
count showed haemoglobm 93 per cent , red cells 4,620,000 per c mm , 
volume of packed red cells (Wmtrobe) 46 per cent , mean corpuscular haemo- 
globm 28 3 yy, mean corpuscular volume 96 6 o /i, mean corpuscular haemo- 
globm concentration 28 4 per cent , white cells 10,400 per c mm , myeloblasts 
0 6 per cent , neutrophil myelocytes 6 per cent , polymorphs 72 5 per cent , 
lymphocytes 10 6 per cent , monocytes 4 5 per cent , and Turck cells 1 6 per 
cent On October 30 a laparotomy was performed Large fleshy masses 
apparently of lymph node origin were found m the root of the mesentery and 
hilum of the hver The omentum contained many deposits A lymph node 
from the mesentery and a portion of the omental fringe were removed for 
section A histological diagnosis of retioulosarcoma was made The patient 
recovered well from this operation He had much nausea, relieved by washing 
out the stomach From November 6 the unne was free from bile A course 
of X-irradiation was considered, but on November 12, before any therapy 
could be mstituted, he became much worse On waking he complained of 
diplopia and showed coarse nystagmus on looking to the right and left 
There were petechial haemorrhages on the trunk The thyroid gland was 
found to be moderately enlarged A lymph node was felt m the left supra- 
clavicular fossa The hver and spleen were palpable The temperature was 
100 4° F , and pulse 110 The patient died at 12 60 am on November 13 
The duration of illness was 36 days 

The post-mortem examination was made 12 hours after death The body 
was that of an emaciated, jaundiced youth The right paramedian moision 
had healed m the superficial layers, but showed haemorrhage mto the deep 
layers The upper respiratory tract and trachea showed noting remarkable 
Both lungs (right 680 gm , left 660 gm ) showed much oedema The left lung 
was adherent to the chest-wall by old adhesions The heart (260 gm ) was 
normal m size and shape The heart muscle, heart valves, and coronary 
arteries were healthy There were small, flattened, greenish-yellow, subpen- 
cardial plaques m the area of the tip of the left ventricle The blood was 
everywhere fluid and pale except for two small grass-green fibnn clots in the 
cavities of the ventricles The oesophagus and stomach were healthy The 
small and large intestines contamed much fresh and altered blood The 
mesentery of the small intestme was greatly infiltrated by a greenish-yellow 
mass, apparently contmuous nuth a mass of matted lymph nodes around the 
aorta and vena cava The appendix (five inches in length) was a thick 
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j'ollow rod With a normal lumen The liver was extremely large (2,600 gm ) 
and on section contained a large amount of bile The penportal areas were 
infiltrated witli yellow tissue Tlio mam bile ducts wore surrounded and 
compressed by yellow tissue The pancreas was healthy The spleen was 
enlarged (530 gm ) and fiim On *^cction, j'^cllow nodules, approximately 
3 mm m diameter, vcrc seen embedded in purple splenic tissue The pitui- 
tary and suprarenal glands appeared licaltliy The thyroid (50 gra ) showed 
a dilTuso colloid enlargement Enlarged lymph nodes, discrete and white on 
section, were found m the cervical chains and in both groins The kidneys 
(right 200 gm , left 220 gm ) uero slightly enlarged, dark-green on section, 
and contained irregular grccnish-pink nodules, which on the nght side infil- 
trated the pelvis The ureters were healthy The prostate was healthy 
The bladder contained a little liglit-grcen clear urine The nght testicle was 
twice the normal size and surrounded by a small hydrocoele The left 
appeared normal in size Neither showed macroscopic changes on section 
The brain (1,410 gm ) was oedcmalous and the meninges at the base were 
tinted green The orbits contained n grass-green tissue surrounding and 
infiltrating the globe on each side The bone-marrow of the ribs, sternum, 
skull, femur, and ^ ertcbral bodies were uniforml}” yellow-pink on examination 
A diagnosis of acute leukaemia with chloromntous change and death from 
intestinal hacraorrhage was made The green tissue and blood-clot faded 
«^lowly on exposure to nir TJic colour could be restored by reduemg agents 
The blood was further investigated A leucocyte count gave 23,000 per 
c mm , of which 90 per cent were t 3 "pical m 3 eloblasts, 7 per cent lympho 
c 3 t€s, and 3 per cent pol3Tnorph8 (neutrophil) On centrifuging, an opaque 
green plasma separated The ojmcity was due to hpoid and was re- 
moved b 3 ^ shaking with other The cleared plasma contamed much pseudo 
mcthaemalbumm spectroscopicall 3 ’' (confirmed b}’’ Schumm’s test), and 
gave 10 3 mg of bilirubm per 100 o c The green material from the orbits 
gave a dull-green fluorescence in ultra-violet light filtered through Wood^s 
glass 

Hxsidlogical findinqs Sections wore cut of the green orbital tumours, the 
liver, spleen, kidneys, appendix, heart muscle, right testicle, thyroid gland, 
and the bod 3 ’’ of the third lumbar vertebra Jn addition, the biopsy material, 
gland and omentum, previonsl 3 " mentioned, was available for study The 
orbital tumours consisted of a uniform sheet of cells with round or oval 
nuclei, with four or six nucleoli , the C 3 ^toplasm was relatively scanty and 
non-granular hlitoses were frequent and invasion among the fibres of m 
levator palpebrae supenons was seen (Plate 23, Fig 7) These cells were 
remarkably umform m size (about 12 /x) and did not resemble the green 
tumour cells of Case 1 Generally they resembled myeloblasts, and were 
strongly peroxidase-positive The liver showed infiltration of the portal 
tracts wuth these cells The parenchyma showed fatt 3 ’^ change The kidney 
nodules were of the same nature as the orbital tumour The spleen nodute 
were of similar nature The rest of the spleen was much congested Jn® 
appendix presented a remarkable picture The mesentery was grossly 
trated with the typical cells yet the lumen was not encroached up6n The 
testicle showed only occasional tubules isolated from their fellows by a mass 
of tumour cells The bone-marrow showed a diffuse infiltration with the 
tvpical cells, with a few foci of more mature granulocytes and of nucleated 
red blood-cells The heart muscle was apparently healthy, but there were 
mfiltrations of the typical cells The Ijnmph node obtamed at 
ohhteration of the lymph folhcles by a mass of the typical 


subperi cardial 
biopsy showed 
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cells There was extension beyond the capsule The appearances were those 
of retioulosarcoma and not reticulosis 

Case 3 Gliloroma complicating monocytic leukaemia The patient was an 
intelligent female aged 61 years ^ Her previous illnesses included appendi- 
cectomy m 1919 followed by laparotomy for adhesions later in the same year 
Six months before admission she had had an artificial menopause for 
‘flooding’ In July 1945 she complamed of left-sided earache, and X-rays 
of the teeth were passed as normal In October 1946 an abscess in the root 
of a left upper moisor tooth discharged through the nose In November 1946 
all teeth were extracted The left lower gum became mflamed and was in- 
cised This healed well, but an ulcerated nodule remained on the inner 
aspect of the left lower gum at the level of the absent first premolar This 
lesion increased a little m size and the left cervical lymph nodes became 
palpable and tender The patient was admitted to the Westminster Hospital 
on December 13, 1946 On examination, the lesion on the gum was indurated, 
resembling an ulcerated carcmoma There were soft mobile lymph nodes in 
both Bides of the neck, the left supraclavicular fossa, and the left axilla 
The other abnormal finding was that the hver was palpable two fingers’ 
breadth below the costal margin The blood-pressure was 156/85 On 
December 14 a blood count showed haemoglobm 66 per cent , red cells 
3,480,000 per c mm , white cells 6,100 per c mm , neutrophil polymorphs 
1 per cent , eosmophils 4 per cent , basophils 1 per cent , lymphocytes 25 per 
cent, monocytes 61 per cent, monoblasts 7 per cent, and promyelocytes 
1 per cent The blood film showed some anisocytosis and polychromasia 
On December 16 X-rays of the chest and jaw showed no abnormahty On 
December 17 a further white cell count, confirmed by supravital staining 
(Lightwood, Hawksley, and Bailey, 1934), showed white cells 8,200 per c mm , 
polymorphs 3 per cent , eosmophils 2 per cent , basophils 2 per cent , lympho- 
cytes 15 per cent , monocytes (mcludmg all forms) 50 per cent , monoblasts 
28 per cent , and platelets 119,000 per o mm On December 18, 1946 asternal 
pimcture was performed Total ntioleated count 60,000 per c mm , mono- 
blasts 26 8 per cent , promonocytes 17 2 per cent , monocytes 19 6 per cent , 
and nucleated red cells 11 2 per cent (10 4 per cent normoblasts) The 
myeloid erythroblast ratio was 1 64 1 On December 20, 1946 the Paul- 
Bunnell test was negative A diagnosis of monocytic leukaemia was made 
On January 16, 1946, a blood count showed haemoglobin 62 per cent , red 
cells 2,760,000 per c mm , white cells 42,000 per c mm , monoblasts 18 per 
cent , promonocytes 20 per cent , monocytes 46 per cent , eosinophil myelo- 
cytes 4 per cent , poljnnorphs 2 per cent , eosmophils 2 per cent , and 
Ijrmphocytes 8 per cent The blood-film showed macrocytosis and punctate 
basophilia On January 29, 1946, the alkah reserve was 69 vols per 100 o c 
and serum calcium 9 2 mg per 100 c c On February 4, 1940, a blood count 
showed haemoglobm 36 per cent , red ceDs 1,760,000 per c mm , white cells 
75,000 per c mm , polymorphs 4 per cent , eosmophils 3 per cent , eosmophil 
myelocytes 3 per cent , lymphocytes 6 per cent , monoblasts 24 per cent , 
promonocytes 21 per cent , and monocytes 39 per cent The patient’s con- 
dition slowly deteriorated, but the ulcer on the gum slowly decreased m size 
The hver increased m size The spleen became palpable and lymph nodes 
became palpable m the groins and axillae Abdominal masses (para- aortic 
glands) became palpable The glands became tender and the patient was 
troubled by vomiting She died on February 24, 1946 

The post-mortem examination was performed on February 26, 33 hours 
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after death The body that of an emaciated, white-haired woman 
Enlarged lymph nodes were seen in the inguinal regions, especially m the 
right Bide, and on both sides of the neck The submaxillary glands were 
prominent The abdomen showed tw o old operation scars, a nght paramedian 
and a right * gnd-iron ’ scar There were many recent petechial haemorrhages 
on the abdominal wall The patient was edentulous There was a shallow, 
almost healed superficial ulcer lialf an inch in length on the upper aspect of 
the left lamus of the mandible The tonsils and rctropalatal lymphoid tissue 
Mere liyperplastic and purple in colour. The tongue was healthy Both sub- 
maxillary salivary glands were enlarged On section they were of light-green 
colour Both cerMcnl lymph node chains were hypertrophied, the nodes 
were discrete and ‘rubbery’, the largest was one inch long The chains 
continued into the mediastinum whore many lymph nodes were also haemor 
rhagic On ‘section tlicv were of varying shades of grass-green The trachea 
and bronchi were much reddened and contained inhaled matenal The lungs 
(right 070 gm , left 700 gm ) were bulky and oedematous The terminal 
bronolnoles were ‘cnfTcd’ witli white matenal, giving the superficial appear- 
ance of miliary tuberculosis The heart (3G0 gm ) was covered on its antenor 
and posterior aspect with many recent pctcchinc The pericardium contained 
fiO c c of blood-Btamcd fluid The heart valves and coronary artenes were 
health}^ The heart muscle was pale, but not cxcessivel}’’ soft The cavities 
of the heart contained fibrin clots of a greomsh-ycllow tint The oesophagus, 
stomach, and intestines were health}’’ The liver (2,200 gm ) was enlarged, 
and the periportal tracts showed minute wdiite infiltrations The pancreas 
was hypertrophied and grass-green on section The spleen (400 gm ) was 
tlircc times tlie normal size and there was patchy capsular thickening On 
section a few tin}’’ green nodules were seen on a purple background The 
pituitar} was health}’ The thyroid was twice the normal size, homogeneous, 
and grnss-green on section The left suprarenal was healthy, the right con 
tamed four small wdutc nodules Enlarged lymph nodes, green on section, 
were found around the aorta and m both axillae Both kidneys (nght 


170 gm , left 170 gm ) were enlarged, swollen, and on section bnght green 
Tiie cortical markings were much reduced The ureters were healthy The 
bladder contained 200 c c of green unne The uterus and ovanes showed no 
abnormalities The brain (1,360 gm ) was healthy The orbital fat on both 
sides w as curiously hypertrophied and of a } ellow colour The marrow of 
the ribs, sternum, and shaft of the right femur was purple The marrow of 
the vertebral bodies was tinted green Death was due to monocytic leukaemia 
complicated by cbloroma The thyroid, kidney, and lymph nodes were 
strongly peroxidase-positive and gave a green fluorescence with filtered ultra- 


violet light 

Huiological findings The tissues were fixed in 10 per cent formol 
There w as, however, evidence of much post-mortem autolysis and a detailed 
description will not be made It was possible to detect that all the organs 
examined showed an amazing degree of infiltration with cells of three types 
This process W’as best seen in the thyroid gland, where it was difficult to 
distinguish the scattered th}’roid acini among the dense infiltrate The fibrous 
capsule of the gland was hypertrophied The infiltration consisted mostly of 
cells resembling mature monocytes, but there were also many eosinophils and 
eosinophil myelocytes Amongst these there were also many cells with large 
round nuclei with a small nm of cytoplasm suggesting the monoblasts seen 
in the peripheral blood during bfe 
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The Pigment of Ghloroma 

A sttidy of the available bterature showed that httle importance has been 
attached to the green colour of chloroma The statement, ‘ it is a lipoohrome 
and contains iron’, quoted by most authors, apparently originated with 
Chian (1883) according to Kandel (1937) The fading of the pigment on 
exposure of the tumours to the air has limited mvestigation, as the pigment 
was thus beheved to be destroyed Dock and Warthin (1904), Trevithick 
(1903 a, 6), and Dustm and Thomas (1938) state that the colour may be 
restored by the action of solutions of hydrogen peroxide Only a few cases 
show this property , in others the colour is discharged even more rapidly 
than m the presence of atmosphenc air Shennan (1902) restored the green 
colour partially m the specimens of Dunlop’s cose (Dunlop, 1902) by means of 
reducing agents Pulvertaft (1936) showed that the fading is caused by 
oxidation, that this may be prevented by keepmg the specimens m an atmo- 
sphere of hydrogen, or in a solution contaming a reduomg agent such as 
sodium hydrosulphite, and that the colour of a previously faded specimen 
could be restored by this process He also showed that strong hydrogen 
peroxide would completely destroy the pigment so that subsequent reduction 
would not restore the colour Wilson, workmg with Pulvertaft, noted that 
ultra-violet hght filtered through Wood’s glass caused the fresh tumours, 
whether oxidized or reduced, to emit a green fluorescence Dustm and 
Thomas (1938) and Amano (1939) noted that ultra-violet hght caused their 
specimens to show a reddish fluorescence, and that this was due to the 
presence of a porphyrm which could be extracted by the method of Dobnner 
(1937) It was identified by Dustm and Thomas as a protoporphyrin Both 
authors beheved that the green colour was due to the presence of this por- 
phyrm, although Amano’s speotrographio exammation of green tumour 
material does not support this view Most authors agree that the tumours 
are peroxidase-positive, that is, they contam a substance which gives a blue 
colour with benzidine dissolved m glacial acetic acid and hydrogen peroxide, 
or with similar reagents such as oxidized tincture of guaiacum (Buchanan, 
1909) It 18 generally agreed that the pigment cannot be dissolved out of 
the tumours by the usual solvents, but Hebb (1909) showed that a green 
solution could be prepared by warm 0 2 per cent potassium hydroxide solu- 
tion Meyer and Berger (1924) stated that glycerm would similarly extract 
a green pigment Their solution was stated to show suggestions of absorption 
bands at 646 6 and about 490 m/x 

The present investigation was carried out on material from the femoral 
tumour of Case 1 Prehmmary experiments were earned out on the fresh 
material, including an attempt to extract porphyrins by the method of 
Dobnner (1937), which was completely negative The tumour mass was 
then fixed in 10 per cent formol sabne, washed with water, out into small 
pieces, and dned in a desiccator over calcium chloride About 6 gm of dried 
powdered tumour were placed m a 250 c c Erlenmeyer flask and 30 c c of 

[QJJL &ericl^o, CO] 2 
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20 por cent sodium hydroxide solution (w/v) wore added The flask was 
placed in a boiling watcr-bath for 30 ram , then cooled, and an eqnaWolame 
of industnal alcohol added m small volumes with shaking The solution be- 
came turbid It was then centrifuged at 3,000 revolutions per min for 
10 minutes Five layers wore formed, (1) a surface layer, gummy and orange- 
coloured, (2) a clear layer, (3) a protein disk a few milhmetres m depth, 
(4) a bottom clear zone, and (5) a prccipitute of tumour fragments These 
layers v ere separated and examined by the benzidine reaction The first, 
second, and fourth layers gave a positive reaction The upper layer was 
heated in a wnter-bath to boil off the alcohol The tube was cooled and a 
few milligrams of sodmm hydrosulphito added The gelatinous solution was 
brown-orange and showed the tj^ical spectrum of a protom-haemoohromagen 
(1 552 ra/i, 2 525 mfi) The second layer, similarly treated, showed a similar 
result with much less pigment concentration The fourth clear layer, thus 
treated, gave a green solution which was evaporated to dryness to yield 
a small quantity of a dark-green pigment having a green fluorescence m 
filtered ultra-violet light This was dissolved in 5 c c of water with gentle 
warming and then centnfugalized at 3,000 revolutions for five mmutes This 
solution became vmd green on reduction with sodium hydrosulphite, and 
showed green fluorescence in filtered ultra-violet light Spectroscopically it had 
three faint absorption bands, closely resembling those of reduced denatured 
globm cholehaemochromagen, ^ green pigment* (Lemberg, Legge, and lock- 
wood, 1941) This solution was very unstable and rapidly became yellow 
with oxidation, wlicn the spectrum disappeared The tumour thus contained 
both cholcglobin and haemoglobin pigments In this connexion the spectral 
bands mentioned by Meyer and Berger (1924) suggest those of unreduced 
green pigment in weak alkah 

Three millimetre slices of the various tumour masses and green tissues 
were then studied spectroscopically m the reduced glycerine medium of 
Pulvertaft The tissues of Case 3 were also studied immediately after removal 
from the body m the fresh state Two distinct spectra were found Cases 1, 
2, and 3 and Hebb*s Case (Cose 3 fresh and after preservation) showed a 
three-handed spectrum, 1 034 1 m/t, 2 566 2 m/z, 3 622 6 m/i In each case 
band 1 was the most intense Reduced denatured globm cholehaemochro- 
magen in alkali gives 1 016-18 myx, 2 662 m/z, 3 528 m/z The second 
spectrum seen was given by Pulvertaft’s Case and Ashton’s Case This was 
two-banded, 1 694 6 mp, 2 608 3 mft All these spectra were measured by 
means of the Hartndge reversion spectroscope Amano (1939), by means of 
a spectrographic technique, described a four-banded spectrum, 1 634 3 mfi, 

2 684 1 m/z, 3 669 2 mp, 4 649 1 m/z, with absorption m the blue from 
478 9 m/z The difference between the spectrum of Case 1 and Pulvertaft s 
Case IS illustrated by the simplified absorption spectrum shown m Fig 2 
ThiB was prepared on thin sections usmg the Leitz ‘ Leifo ’ photometer and 
the range of filters supphed, A striking pomt is the great nse of absorption 
m the blue by Pulvertaft’s Case as opposed to Case 1 This suggests the 
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presence of the Soret band of a haemoglobin derivative in Pnlvertaft’s Case 
which 18 absent in Case 1 Cholehaem denvatives do not possess the Soret 
band Eurther, the spleen of Case 1 and the spleen from another case of 
myeloid leukaemia also showed the spectrum of Case 1 The green tmne of 
Cases 1 and 2, both of which faded on exposure to air, did not show any 
spectrum even m very thick (26 cm ) layers (Buchanan, 1909) These findmgs 



Fig 2 Simplified absorption spectra of tissues from Case 1 
and I^vertaft’s Case 

K optical density related to a stratum 1 cnn in 
thickness (extmction coefiBcient) 

A « Wave length m 

suggest strongly that chloroma pigments are derived from haemoglobin and 
are choleglobm denvatives Choleglobm in the livmg man can be produced 
only in exceptional cixonmstances In theory it conld be derived from 
haemoglobin, oytoohrome, or catalase, also possibly peroxidase 


JDiscrt^swn 

The three cases described are clearly different both m the nature of their 
onset and m their clinical course The morbid anatomy and histology also 
present many pomts of difference Evidence of haemoglobm destruction is 
seen in the first two cases to a marked degree, both m the femoral lesions of 

z2 
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Case 1 and m the ponphcral blood of Cnee 2 , it was not a marked featme 
of Case 3 In Cnso 1 a ponfcmoral haemorrhage i;vas replaced by a green 
tumour , in Cn^^o 2 the post-mortem blood contained much pseudo-iuethee- 
malbumm, uhich ir found only when Bovcrc intravascular haemolysis occurs 
Evidence of red cell destruction was also found by Bamforth and Edwards 
(1933) It IS felt that tlio essential feature of chloroma is the green pigment 
and not the cytology of the tumour, which is known to vary from case to 
case In this connexion the sternal puncture findings of Osgood (Osgood and 
Ashwortli, 1937) contrast with those of Lightwood (Lightwood, Hawksley, 
and Bailc)% ] 934) Osgood depicts a coll in his Atlas (No 58) as a typical 
cell found m chloroma, adding that similar colls may bo seen in acute myeloid 
leukaemia Lightwood, Hawksley, and Bailey (1934), using supravital 
methods as uell as Romanowslcy stained films, could find no cells peculiar to 
chloroma In Case 3 the cytology of the marrow was not obviously different 
from that of other cases of monocytic leukaemia winch the author has studied 
Chloromata thus occur in acute myeloid, chronic myeloid, eosinophilic, and 
monocytic leukaemia Jones and Jones (1939) in 189 cases were not able to 
find one case recorded m chronic lymphatic leukaemia The cell of chrome 
lymphatic leukaemia is thus different from those of other types of leukaemia 
in tlmt it cannot, it seems, form this typo of green pigment Chloroma appears 
to occupy m relation to myeloid, monocytic, and eosmophilic leukaemias the 
same place that lymphosarcoma does to lymphatic leukaemia Histologically 
these green tumours appear to bo rcticulosarcomata There does not appear 
to be any clear evidence m the cases described to incnramate sepsis as an 
antecedent factor (Goodall and Alexander, 1923) 

The problem of chloroma is thus one of cell metabohsm and not of cell 
structure Little is known of the metabolic processes of leukaemic cells, but 
Kempner (1939) shoved that, provided care was taken not to damage them 
m any way, myeloblasts showed anaerobic glycolysis, a finding of all normal 
tissue cells In view of the occurrence of green tumours at the sites of previous 
haemorrhage (Bramwoll, 1902, and Case 1), one possible explanation is that 
the chloroma cells invade the haematoma and break down the haemoglobm 
A second explanation is that the cells have an abnormal cytochrome system 
vith choleglobm moieties m the prosthetic groups Amano (1939) stated that 
his two cases showed spectrographio evidence of cytochrome in the cells and 
that the green tissue gave a positive Nadi reaction (with p phenylenediamme) 
He further stated that lymphocytes are Nadi negative and do not give 
spectrographic evidence of the presence of cytochrome It is known that the 
cytochrome system of B colt contains choleglobm (Keilm and Harpley, 1941), 
and it IS possible that the heart muscle preparation described by Keihn and 
Hartrce (1946) also contains a choleglobm moiety m its "cytochrome A’ 
fraction Similarly, catalase has been shown to contam a choleglobm fraction 
(Lemberg and Legge, 1943) In vitro, haemoglobin in solution can be rapidly 
converted into choleglobm by ascorbic acid or by glutathione (Lemberg, 
I^gg© and Lockwood, 1941) There is no doubt that other biological systems 
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could bnng about this change Catalase appears to prevent this type of 
degeneration of haemoglobin, for instance, the formation of verdohaemo- 
chromagen {Lemberg, 1936) compounds by glucose oxidase and glucose from 
pure haemoglobin is possible only in the absence of catalase (Keilm and 
Hartree, 1946) The green pigments observed which can be restored by 
hydrogen peroxide could be unstable verdohaem derivatives which are yellow 
when reduced and green on oxidation Such tissue on exposure to air can be 
postulated to be oxidized further, strong oxidation yieldmg verdohaem In 
support of this argument is the fact that when ascorbic acid acts on pjrridme 
haemm in vitro to give verdohaemochromagen, a porphyrm is set free 
(Lemberg, Cortis-Jones, and Nome, 1 938) This may account for the findings 
of Dustm and Thomas (1938) and Amano (1939) 


Summary 

1 Three cases of chloroma are described 

2 The similarity of the green pigment to choleglobm denvatives is 
suggested 

3 Reasons for attnbuting the formation of the green pigment to abnormal 
break-down products of haemoglobin are put forward 

4 The relation of these green tumours to other leukaemio manifestations 
18 briefly discussed 

The author wishes to thank members of the Honorary Staff of the West- 
minster Hospital for permission to quote from their chnical notes He is 
mdebted to Dr G Belyavin for permission to use the blood counts in Case 2, 
and to the technical staff of the John Burford Carlill Laboratories for their 
assistance He is particularly grateful to Mr J F Wilson for histological 
teohmcal assistance and to Mr V R Wheatley for chemioal assistance 

He 18 indebted to Dr C O’Doherty for permission to use the X-rays of 
Case 1 His thanks are also due to Dr P Hansell of the Department of 
Medical Photography The work was assisted by a grant from the John 
Burford Carhil Research Fund 
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THE ASSOCIATION OF PHYSICIANS OF GREAT BRITAIN 

AND IRELAND 

19 46 

PORTIETH ANNUAL GENERAL MEETING 

Tkb Fobtteth AiortTAii Genebai* Meeting was held on Friday and Saturday, April 
12 and 13, 1946, at Oxford, in the Physical Chemistry Lecture Theatre, South Parks 
Road The attendance book was signed by 181 members and 11 visitors The proceed- 
ings began at 9 36 a m 

The Presidenti Dr Gordon M Holmes, was m the Chair. 

The Mtnuica of the last Annual General Meetmg, having been published m the 
Quarterly Journal of Medicine, were taken as read, confirmed, and signed 

Apologies for absence were received from Sir Henry Tidy, Hr Izod Bennett, Hr R R 
Trail, Hr Honald Paterson, Hr R Co ope, and Hr G Riddooh 

Hr Gordon Holmes was elected an Honorary Member of the Association with 
acclamation 

The Treasurer presented the annual accounts He explamed that the balance m 
hand was not re^y £821, because the Association had not yet received the account 
from the J oumal, which would amount to about £460 In 40 years the Association had 
accumulated capital of about £2,360 The Treasurer recommended a conservative 
pohoy untd the level of post-war expenditure was known The accounts were received 
and ^opted 

Elections 

President Professor A W Ikl EUis was elected President for 1946-7 On takmg the 
Chair, he proposed a vote of thanks to Hr Gordon Holmes for his services This was 
unanimously adopted 

Executive OommtUee 
President Professor Arthur W M Ellis 
Treasurer Professor L J Witts 
Secretary Hr C Newman 

Members for England 

Sir Adolphe Abrahams 
Hr H Evan Bedford 
Hr E Bulmer 
Hr R C Clarke 
Professor J C Spence 
Sir Charles Symonds 

Members for Scotland 

Hr J Craig 

Professor J N Cruiokshauk 
Hr A Rae Gilchnst 

Members for Ireland 

Hr R S Allison 
Hr T H Crozier 
Hr P T O’Farrell 
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Over 96 per cent of these men were traced within six months Secondly, a 10 per cent 
random sample of the certified population throughout the coal-field Tvas mterviewed 
m their homes by tramed social workers Thirdly, approximately 200 men were inter- 
viewed by a social worker at the time of their medical exammation at the Medical 
Research Council Unit m Cardiff A detailed analysis of the types of employment done 
by these men is still m the process of bemg made 

Db C M Fletoheb, oontmuing the commumcation on , tlieOlxnxcal 

and Radtological Findings, discussed the observ’-ations made on 222 ex-coal-mmers with 
certified pneumokomosis Radiological progression was assessed by comparmg the 
X-ray taken at the time of certification with the present X ray Examples were de- 
monstrated In 123 cases, with an mterval between X rays of five years and over, it 
was found that 36 per cent of 49 oases with simple reticulation or nodulation developed 
advanced fibrosis, while 79 per cent of 84 cases with local shadows had shown ad- 
vancing fibrosis While the dust was diffuse, this advancing fibrosis was always focal, 
and was likely to be due to infection Younger men were more prone to advance than 
older men Subjective clmical deterioration was noted m 65 of 108 cases advancing, 
and m 34 of 77 cases not advancmg Reduction of vital capacity was observed m most 
cases, but the degree of reduction did not mcrease with moreasmg fibrosis imtil gross 
emphysema developed It was concluded that, to avoid progressive disease, oases 
should be removed from exposure to dust m the earhest stages of reticulation 

The Pbestdent congratulated Db Stewabt, the first woman member of the 
Association, on this happy mauguration of her membership 

Db Ivob Davxes recalled that although the problem of pneumokomosis had long 
been known, little had been done until this mvestigation started In the past it had 
been recognized that colliers were old men, and unemployable, at the age of 60, but 
few X-ray pictures had been taken, the nature and course of the disease were unknown, 
and it was regarded as chronic bronchitis and emphysema He himself had once 
suggested at a meetmg of the Association, m connexion with a commumcation on chrome 
vascular changes and respu'atory disease, that the responsible factor was changes in 
temperature, there bemg often a difference between 80° F m the pit and 40° F m the 
outside air Lookmg back at old X-ray plates, he had found that reticulation was 
common He recalled an ex-colher who must have had silicosis, who at the age of 
70 years started to cough up coal-dust agam and was found to have tuberculosis He 
had been struck by the disproportionate cardiac effects m comparison with tlie radio- 
logical lesions and wonder^ if toxic effects might cause tachycardia He was not 
surprised that young men refused to become coal mmers, from fear of disease 

Db Mo^Iicha kI i recaUed that he had visited Hart and Aslitt durmg their mveati- 
gation and had found, m the exammation of 180 miners, that the measurement of lung 
volume was a less sensitive mdex of lung shrinkage than the vital capacity Co- 
moidently with the progression of radiological changes there appeared a dumnution of 
vital capacity, but even this became pronounced only m the late stages, with the 
formation of massive nodules m the lungs, httle evidence could be obtamed m the 
early stages The breathlessness from which these men suffer is not due to deficient 
oxygenation of the blood , m the case of a porter at his own hospital, who was an old 
sihcotic m i ner, it was found to be, certainly m part, due to cor pulmonale 

Pkofessob Rvxe congratulated Db Fletcheb’s team on achieving so much m so 
short a time, and commented on the difficulty of on mvestigation on a population as 
contrasted with that on an mdividual, and the necessity of the co-operation of the 
people studied He called attention to the unexplamed fact that some persons, under 
precisely the same conditions, do not contract the disease 

Pkofessob Witts pomted out that problems such as silicosis are the real clmical 
problems of our era, a fact which tends to be forgotten by our over specialized medicine, 
m which mdustnal and psychological problems are ignored He was delighted that the 
results of turning clinicians and statisticians on to this question should bo aired at 
a meetmg of the Association 

DBh. Fletcher, replying, paid tribute to Dr MoMichael, who had mtroduced him 
^ the meffical application of physiology, to Professor Ryle, his mentor, and to 
Professor U rrre, who had grounded him m chnical medicmo Ho said that he was 
very conscious of the difficulty of explaining why some men seemed to escape silicosis 
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Election of Extra Ordinary Members 
Dr G A Alien 
Dr A OcofTroy Ev’^ans 
Dr G ITnll 

Profc<wor Adnm Pntnek 
f Sir Arnold Stott 

Dr L H F TImfohor 

Dr G E S Ward 

Profe^or O L V S do Wesaolow 

Election of New Members 

Wdlmm ^Slclvillc Amott, :M D , F R C P (Ed ), Lecturer m Therapeutics, Umvereity 
of Edinburph 

Richard Bomford, D Jf , F R C P , Assistant Physician, London Hospital 

Donm Hubert Brmton, D , F R C P , Neurologist, St Marj^’s Hospital 

Hector Kennoth Gondb>, M D , F R C P , Physician, St Thomas’s Hospital 

Erie Hamilton Hud^^on, M B , F R C P , Physician, West London Hospital 

Em>*r Wyn Jones, MD, M R C P , Physician to Out-Pationts, Liverpool Royol 
Infirmary 

James Anthony Wnnng IMcCliiskio, F R F P S , Temporary Assistant Physician, 
Glasgow Western Infirmary 

Alice Mary Stewart, M D , M R C P , Assistant Phy^sician, Elizabeth Garrett Anderson 
Hospital 

Charles Herbert Stvmrt-Hnms, D , F R C P , Professor of Medioino, University of 
Slicffiold 

Denis Jolin Williams, M D , F R C P , Registrar, National Hospital, Queen Square 

Editors of the Journal On the recommendation of tho Editonal Committee and the 
Executive Committee m place of Sir Francis Fraser, Professor O L V S deWesselow, 
and Dr Donald Hunter, who had resigned, tlio following w ore elected as Editors 

Dr W R Brain 
Dr W D W Brooks 
Dr H L Harriott 

It was also agreed that tho names of Collaborators should no longer be printed on the 
cover of tho Journal 

Ec’-introduciion of Rule 20 It was ngrce<l that Rule 20 should agam be put into 
practice as from tho next Annual General Meeting 

Rule 2 It was agreed that, ns it had been found that there had not been an 
exceptional number of proposals duo to demobilization this year, the Executive Com 
mittce should lm\o power next year, if circumstances indicated the necessity’’, to exceed 
tho number of eight nominations for Extra Ordinary Meraberslnp 

Place of Meeting in J947 An mvntation was received from the local members to 
meet m Aberdeen It n as agreed that tho Association would accept thm invitation if 
circumstances made it possible, but left tho decision to tho Executive Committee The 
Secretary road a letter from tho Association of Amoncan Physicians, saying that 
although it had been impossible to arrange a joint meeting of the two Associations in 
194G, tliero was no abatement of enthusiasm for tho scheme m America On a show of 
hands, 01 of tho members present expressed thoir willingness to endeav our to attend 
a joint meetmg m tho United States 

SCIENTIFIC BUSINESS 
Friday Afominy, April 12 

Ub AiiiOE SxEWABT gave the first communication, on Pneumokomosis , a field survey 
pj‘Qj)jems and Methods Db Stewabt said that m on attempt to study some of the 
social and economic consequences of the high incidence of pneumokoniosis m South 
Wales colliers, and to discover whether tho disease progresses after the exposure to 

1 ceased, a chmoal and social follow-up of a number of cases certified by 

Pardiff Panel of tlie Sihoosis Board was undertaken. Three separate social inqmnes 
instituted First, the total certified population from 40 mines m the Rhondda 
V^^ey was circularized and the men asked to fill m on Employment Questionnaire 
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nitogother, tlio mon thomaoh ca hold tho pleasing theory that it could bo prevented bv 
cho^Mng tobacco and drinking four pints of bcor m tho evening ^ 

Dr DoNAiP H0KTFR described Fhtorosxa oj the Skeleton in workers manufaclunna 
Alumtmurn in Scotland Tlio loss of crjolito to tho atmosphere from the nluminimn 
factory nt Fort Williora is about 800 tons per annum Much of this is m particulate 
form and sottlos on the grass around tho factory, its distnbution varying according to 
tho pro\ ailing wmd As a result sheep and cows m tho neighbourhood have developed 
dental fluorosis with gross irroguInrit> of tho fcoth Some of thorn have died from 
monition since they wore unnblo to chow grass Necropsy on a cow showed 11 fractures 
of tho ribs, and portions of bono contained 0 0 por cent of fluorine, about 20 times tho 
normal figure Two hundred and sixty-four fumacemon, 80 mon from other parts of 
tho factory, 79 local residents, and 124 schoolchildron wore oxaminod clinically Addi 
tionnl m\estigations included X-ra^^ of tho bones, blood counts, and chemical analyses 
of tho unno and blood for fluonno No X ray changes wero observed in the control 
group, but there was o\ idonco of skelotal fluorosis in 28 fumacomen The condition 
caused no disabihtj o\cn in a man exposed for 42 years 'ITio range of fluorme 
excretion in tho urine m mg per 24 hours was 1 5 to 10 in tho fumacomen, and 05 to 
7 9m other workers in tho factory , whorons no local resident or schoolchild was 
excreting more than 1 5 rag TJio blood counts showed no abnormalitj’’ Tho water m 
FortAVilliam contains less than 0 2 parts per million of fluorine The investigation is 
not ^ et complete Fluonno has not yot boon estimated m tlio samples of blood taken 

Tuf Secrftary asked whothor it was truo that tea contamed appreciable quantities 
of fluonno 

Dr pAnuns WraEn asked wliothcr thoro was any foundation for the suggestion that 
alopecia may bo duo to fluorosis of minor degree, and recalled tlio cose of a girl with 
a BUpraronnl tumour who bocamo bald after tho tumour had been removed, but grew 
hnir again when it recurred 

Professor Witts asked whothor any changes in tho blood had been observed 

Dr Htoter replied that routine blood counts showed no significant changes There 
had been a case of aplastic anaemia m n worker m Sheffield who was exposed to 
fluonno He told f lie Secretary that tho fluonno content of tea was too low to matter, 
but that, if ho wore worned, Chum tea was a little worse than Indian in this respect 

Dr J J CovYBFARn ga\ o tho results of A FoUoto up of Cases of Pleurisy with 
Effusion in the Poyal Atr Force Eighty -four coses of pleunsy with oflusion, presumed 
tuberculous, which do\ eloped between September 1939 and tho end of 1941, were 
retained m tho Sowco All of those wore traced up to tho middle of 1946 or later, the 
ponod of observation \arj mg from 3J to 0 jenrs Of tlioso cases 12 per cent developed 
pulmonary tuberculosis and 2 6 per cent tuberculous jomts m the period of observation 
Three were in\ ahded with non tuberculous disabilities and three wore lolled m action 
Of tho 12 cases do\ eloping tuberculous disease eight did so within two jears 

Tnr pRESinEXT suggested tho importance of adequate rest, in the treatment of 
pleural effusions, and referred to tho significance of the patient’s economic status 

Dr Parkes Weder doubted whether an effusion was due to an actual tuberculous 
plountis In cases of mild tuberculosis ho understood that the effusion was thought to 
bo an allergic response to a focus just below tho pleura 

SuROEOK CArTAiN Brooks, R N V R , oxplamed that the Navy, since 1941, had 
Totamed such oases for duty on shore They were re exammed every thinee monfclis for 
penods varying from 18 months to throe years One hundred and seventeen men of 
roccml value to tho Service m whom no parenchymal lesions were found were retamed 
Thoir ages were between 17 and 43 years, most were under 26 years Subsequently, 

11 per cent developed clmical tuberculosis, mostly pulmonary, there was only one 
case of jomt disease A further 21 per cent developed radiological evidence of tuber- 
culosis, but with no symptoms 

Professor Wzrsra asked whether it would be right to follow the some plan m the 
case of nurses 

Db Livingstone commented on the number of cases which developed olimoal 
symptoms 




318 


ASSOOIATION OF PHYSICIANS 


Friday AJtcmoon 

Dr a Slkssor (introduced by PnorKsson N Moruts) spealang on The trmlin 
scnsiiiviiy curve tn h/popi(mtariBin dmciissed the results of sonal ostimationa of the 
mtrn\onous inpulin tolornnco m six cases of hjT5opituitariam under constant conditions 
TJio blood-sugnr response alleged to bo clmrnotonstic of hypopituitansm, nn undue 
mitml fall followed by nn incomplcto recovery phase, was obtained consistently m ono 
ease only In tho othors tho response was a variable for the individual Of several 
tests done on each ense, somo curves u6ro charactoriRtio of hypopituitansm, while 
othcra were normal Spontaneous variation was also noted in other aspects of meta 
holism nnd in tbo clinical stnto Tlio insulin tolornnco test may fail to differenticte 
untreated pnmnrv my\oo<loma from untreated hypopituitarism, but tho test earned 
out during thjroid therapy is apparently conclusiNC In primary mvxocdema the 
recovery phase after the mitinl h^’pogljcnomia is brisk and somotimes exaggerated, m 
hjpopituitarism it remains slow nnd is no\or excessive It was concluded that owing 
to tho \ anation which this tost show it should not bo regarded as a diagnostic 
onlonon in h\ popitintansm nor ns n satisfactory rnonns of assessing the results of 
treatment in this condition 

Dr Oaki^fy suggested that 10 units of inBulin give a very variable response nnd 
asked bon constant was tbo response in normal subjects os compared with the average 
cur\ 0 shown 

Du ITamili. thought that results on medical students differed from those on other 
normal subjects 

PnornssoR Himswortii asked wJicther tho work had been done imder stnctly 
controlled conditions 


Dr GuMrruT asked wliotlier tbo estimations had been mode on copillaiy blood 

Dr Slyissor roplio<l that there were variations among tho responses of normal 
subjects, but not m tho depth of tho fall nor m tho response to hypoglycaemia The 
clinical sjTnptomft \ nned , a patient who showed mdd hypoglycaomic symiptoras on one 
occasion might bo po\oroly affected at a subsequent test, but tho fall in the blood 
sugar was constant Tlio work had boon done m strict conditions of complete rest m 
bed Tho estimations Imd boon done on cnpillarj^ blood 

Dk Wilfrfd Oaklry described A case oj spontaneous hypoglycaemia due to a d\ffu8c 
hyperplasia of (he islets of Langerhans in a tooman of 63 years After an unsuccessful 
operation at which tho centra! portion of the pancreas was removed, the patient was 
gi\cn injections of Young’s anterior pituitary extract m increasing doses In all 
2,095 c c were gi\ cn nnd toinporarx' clinical improvement obtained after each increase 
in dosage Hjqioglycaomm recurred sliortly after injections were stopped The tail of 
tho pancreas w na next removed, without benefit to tho patient, and at a later operation 
na much ns possible of tho head was resected, tins was followed by freedom from 
SYunptoms for two years after which attacks rcourred Alloxan was next tried by 
intravenous injection, 108 gm being given o\or two short periods There was mtense 
local reaction wiUi phlebitis and also a so\cro attack of tetany, but no oSect on the 
h^q30gl\cnomia Lastly tho patient received two courses of deep X-rays to the region 
of tho head of tho pancreas These were followed by definite r^uction m the number 
and seventy of attacks 


Professor Hbkry Cohen desenbed Three cases of unusual Clinical Interest Tho 
first, a 42 yoar old man, sufionng from subacute bactenal endocarditis, had re- 
sponded well to ponicillm therapy Several months later he had massive haematuria 
with slight left lumbar discomfort, and haematuria recurred on several occasions 
Examination on readraission to hospital revealed neither a tumour nor bruit m the left 
kidney region, ho was apyroxial with no signs of congestive failure and his blood- 
culture was sterile An intravenous pyologram showed a filling defect m the upper 
part of the peKus of the left kidney A diagnosis of aneurysm of the left renal artery 
was confirmed at operation when nephrectomy was carried out, and the patient 
remains well The need for recognizing such soqu^ae m subacute bacterial endocarditis 
now that life is prolonged was stressed u i ^ 

The second patient gave a four years’ history of moreasmgly severe hypoglycaemie 
offnnL the removal of on islet adenoma of less than 1 cm diameter from the head of 
the p^creas cured the patient and restored his fostmg blood sugar to normal 
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Tlie third case lUustratad that the fortuitous association of diverse pathological 
lesions may be of chmcal value A man of 61 years had clinical evidence of the 
Pei Ebstein syndrome associated with a mass of retroperitoneal lymphnodes X-ray 
examination before treatment revealed a calcified abdominal aorta di^laced forward 
by the nodes, after deep radiotherapy the aorta was seen to have returned much closer 
to ite normal position 

LiEUTENANT-ConoNEi/ Labkin stressed the enormous mdividual vanation to the 
effects of insuhn, 20 units may cause coma, and 200 may not, m different persons 
Only a third of patients sweat during insulm shook therapy, and those who ‘ broke out 
mto a beautiful sweat’ do better than those who do not There seems to be no way of 
identifying the person who will turn out to be sensitive to insulin He stressed that 
pituitary extract and adrenalm during hypoglycaemia were dangerous because they 
might mduce laryngospasm , at any rate, they do not raise the blood-sugar 

Db Oakley remmded the meetmg that operations and anaesthetics caused hyper- 
glycaemia and asked whether Pbofessor Cohen’s case showed glycosuria 

Ob Taylob recalled a case of hypoglycaemia m a ballet-dancer whose blood-sugar 
fell as low as 60 mg per 100 c c , m whom an adenoma of the head of the pancreas was 
found with the greatest of ease * 

Pbopessob Cosen rephed that m his case the blood-sugar rose to 260 mg per 100 c c 
after opei ation, and that there was sugar m the urme for a day, but that no acetone 
appeared m the urme, and that the blood sugar was normal two days after operation 
He suggested to Ijckdtenant-Colonel Labkin that he preferred the term ‘laudable 
sweat’ to ‘beautiful sweat* 

The Meetmg adjourned to tea at 4 p m after which Ds J H Sheldon gave a com- 
mumcation on Purpura NecroUca — a poeaible chntcal appheahon of the Shtoartzman 
phenomenon 

Three female children, aged 6 years, 3 years, and 11 months, developed an acute 
illness whose features were characteristic of allergic purpura Areas of confluent 
haemorrhage appeared, havmg a striking tendency to geometrical shapes, and these 
subsequently separated as deep sloughs mvolving underlymg muscles The condi- 
tion appear^ not to have been previously described, and it was suggested that the 
shape of the areas might have been due to slight but contmued pressure during a critical 
phase, and imposed by the situation m which the child happened to be durmg tliat 
phase, for example, lymg m bed or sitting m a chair It was thought that the Shwartz- 
man phenomenon gave a closer approximation, to the chmcal features described 

The President recalled having seen two or perhaps three oases of indolent ulcer, 
resombbng the photograplis shown by Dr Sheldon One had been over the tendo 
achillis and one on the thigh evtendmg to the buttock, but there had been nothing to 
suggest that they had been of purpunc ongm , they had simply presented themselves 
08 chronic ulcers He had diagnosed them as due to infection by yeast, but without 
confirmation 

Professor Moncbteff recalled the case of a purpunc area on the head of a new-born 
baby followed by a necrotic ulcer This had probably been caused by pressure durmg 
delivery 

Dr Clarke suggested an analogy in deep seated pressure sores, and as bed sores 
were associated with mfections, he wonder^ whether there appeared to have been 
infection under the sloughs m Dr Sheldon’s case 

Dr Neale said he had seen a patient who, after Ee\ eral attacks of abdominal pam, 
developed necrotic purpura m the skin As this was presumably a case of Henoch’s 
purpura, ho suggested that Db Sheldon’s cases also might have had on anaphylactic 
basis 

Dr Scaddino detailed a cose of purpura probably associated with minor trauma 
and pressure in a soldier who had just had a tigor and a scorpion tattooed on his arm 
Under treatment for sjqihihs he developed an (?) arsomcal purpura on the sites wliere 
his braces pressed, and the tigor and scorpion both become outlmcd bj purpura 
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Dn SnFLDON IhouRht that tho simultanoouB cnso dcscnbod by Dn Neale Bumrested 
that tlicro nas n local opidomie in tho nron Ho folt that his cnsos o-ere quite mRo 
F orcs Ho thought that purpura in tho now -bom baby might give n clue to the 
ahwartzman phenomenon na a Bubstnnoo was oxoroted in tho unne irhich was trans 
forablo to animals 

PROrrsHon R S Aitkpv described, with two examples, The cltmcal picture of the 
sepheanma and pyaemra dur to infection with Bacillus funduhformis Tho charactensfcio 
eoquonco is a Boro throat, higli remittent fovor >MtIi prostrating ngors, pleon^, 
ompjema, and metastatic suppurntuo arthritis, especially of tho sacro ilinc joint The 
condition is often fatal Tho organism can bo obtained by anaerobic culture from the 
blood or llio pus, its growtli m ono instance ^\ns inlubitcd by penicillin In both cases 
<lc**cnbcd, drainage of pus was followed by recovery, tho course of tho illness in the 
ca*io treated ponzc/lhn was less soxoro and more protracted 

Dr Dow’si'tt said bo bad seen n case of pneumonia in Bnstol from which tho 
naciUus /undultjorvus lind bes^n isolated 

Tjif Pjii-siDCXT thought that this communication put in a plea for anaerobic blood 
cultures Tho> were \cry much neglected and might often bo useful 

The Association held lifx Annual Z?*7i7icr at Rhodes House Sib Williasi Go on enough, 
PnornssoB Siii Howard Feobfy, and Pbopessor Hinshelwood wore present ns guests 
of the Association, and Sin Wjeetam Goodenough proposed tho toast of 'The Associa 
tion’, to whicli tho r^isiDEvr roplic<l Db lBo^rFORD proposed the health of the 
Pbestdixt 


Saturday ^lorning, April 13 

Db WiLETA^t E\aks, dmcu'ising Innocent Heart murmurs, emphasized the common 
incidence of innocent murmurs and of unwarranteil cardiac m\ nhdism resultmg from 
it Such in\ alidism could bo seen m children with restricted activnties, recruits exempted 
from mihtarv' service, and adults denied entry into occupations of their choice, or 
rejected from enjoj^ung tho sccuntj of Life Insurance Ho stressed tho need and indeed 
tho urgenej of assembling for thm murmur a clinical and cardiographic pattern which 
would moke its recognition cosier and surer Ho outlined a clmical classification 
which had been obtained from a study of 330 healthy subjects at the London Hospital 
Tlicre wore fi\o clinical groups and each was designated according to its mam clinical 
features The murmur of rcchyiiny posture was rough and was confined to^ young 
subjects , it w ns uncommon nf tor 30 j oars and nc\ cr found after 40 years The murmur 
was not loud and for that reason it was often annulletl to auscultation by deep 
jn«^piration It was loudast in tho reclining posture when a murmur developed m the 
pulmonary^ area Tho murmur of upnght posture was common in young subjects and 
tho oldest subject was 43 years It was rough m character It was not loud and was 
best lienrd m tlio upnght posture A loud \ nnotj of innocent murmur was less common, 
but since it was fairly loud it was frequently regarded as a sign of mitral disease and 
for tins reason it gamed in significance It occurred m young subjects Change of 
posture affcctcti tho distnbution more than tho intensity of tho murmur so that m the 
upright i>08turo it became louder towards the axilla, and towards tho base in the 
climng posture Tho parasternal murmur was loud and was best beard m the fourth 
intercostal space near tbe left border of tho sternum, but it was never accompamed by 
a thrill ns is the case with the murmur of ventricular septum defect The murmur m 
late systole was loud and rough m olmrnctor and occurred at all ages It could ^ 
detected easily by olmicnl auscultation in that the murmur is placed nearer to the 
second than tho first lionrt sound The pbonocnrdiogram helped to establish th^ 
clinical classification In the first four varieties tho murmur was written m mid systole 
and m late systole m tho last variety In none was there a diastobc murmur 

The BnESroEHT was delighted that this communication should have been made before 
tho Association He opmed that the best way to get a good education m these days 
wos to ha\o a diseased heart, avoidance of unnecessary waste of tune over games, 
tuition, and travel gave opportunities for mental and spiritual development 

Dr Patti* Wood thought that attention should be paid to the behaviour of the left 
fliincle m patients with systolic murmurs In 10 per cent of otherwise normal patients 
^th such murmurs there was expansion of the left auricle and a left axis shift m the 
electrocardiogram 
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Pbofessob Bbxjoe Peeey had fovmd that some cases of this kind, if followed tip for 
some time, were found to develop rheumatic heart disease, and xt had been reported 
that during a streptococcal epidemic m a school, children with ‘innocent* murmurs 
showed a l^her mcidence of rheumatism than the others 

Bxi R E Smith thought that a good many doctors who examined schoolchildren 
had had httle experience of cardiology, and suggested that when they found murmurs 
they should refer them to Dr Evans Once a child was labelled as a cardiac case, it 
was very difficult to get the label ofi, and there had even been financial gam from 
innocent murmurs He suggested that the blood sedimentation rate should be deter- 
mmed in such cases. 

Dr Cookson questioned whether the difierentiation could be made with the stetho- 
scope alone 

De Evan Bedford felt that the neurosis engendered by a wrong diagnosis of heart 
disease was as great a danger as rheumatic heart disease It was difficult to be certam 
of the diagnosis, and a doctor should be prepared to run the nsk of occasionally 
mistaking a rheumatic heart A thnli was not uncommon with a late systoho murmur, 
and a late systohc murmur was, occasionally, a sign of disease 

Db Hawkslby had fonnd that an enormous number of chddren were mvahded 
because of growing pains In a 10 year survey of 1,000 children, 32 per cent had had 
growing pains at some time, therefore a third of the cases of innocent murmurs would 
give a history of pains Some doctors diagnose mcipient rheumatism on no other 
evidence Neurosis in the Army was often found to be due to the wrong diagnosis of 
innocent murmurs 

Db Schlesingeb agreed In the 10 year survey many systohc murmurs disappeared , 
some patients developed a diastohc murmur and could m time be recognized as suffer- 
ing from mitral stenosis He pomted out that a thnli was present only if the murmur 
was loud The blood sedimentation rate was a great help Growing pains were 
innocent so long as they were confined to the legs 

Dr Evans rephed that be had exommed the left auricles of his patients by barium 
X ray and found no abnormahty He thought that m the future phonocardiography 
would be very valuable He suggested that as some of his patients were over 80 years 
of age, the follow-up had been adequate, and their murmurs remamed unchanged In 
Essex any cardiac abnormahty m children was reported to him, and a good deal of 
unnecessary mvahdism was, he was sure, avoided He did not estimate blood sedi- 
mentation rates He thought that too much attention was given to past histones 
suggestive of rheumatism or chorea He had seen three cases of organic heart disease 
which showed mcidental late systohc murmurs He thought that a diastohc murmur 
did not develop , it was more likely to have been missed at first 

Sm Adolphe Abrahams, speokmg on Cardiac hypertrophy and physical exercise, said 
that the autopsy on a man of 78 years, who died of pulmonary embolus after deep 
X-radiation for a malignant growth of the thyroid, afforded the oppiortunity of 
considering the influence of muscular exercise m the production of cardiac hypertrophy 
The deceased had been a remarkable athlete who had mdulged m his youth m extreme 
exertion for many years, and for the rest of his life m fairly strenuous exercise His 
blood-pressure m Life was not known Although the analogy of the blacksmith's arm 
was Bometimea advanced, it was generally accepted that provided the musculature was 
healthy and there was no cnpphng valvular disease, hypertrophy of the heart did not 
occur even after the most extreme exertion of which a human bemg was capable In 
this instance a hypertrophied heart weighing 20 oz was found, but the musculature 
was firm and healthy, the coronary vessels were free from atheroma, and the aorta was 
exceptionally healthy All viscera were normal Two provocative alternatives seemed 
pertment Was it m fact the case that m response to exercise the heart hypertrophied 
in common with musculature throughout the bodyt Or did some exceptional m- 
dividualfl possess relatively large hearts and w ere m consequence constitutionally fitted 
for protracted exertion ? 

The President considered that the total work done by the heart m a patient with 
a raised blood-pressure ov^ a matter of years was far greater than that necessitated by 
physical exorcise Hypertrophy certainly did result from a raised blood pressure, but 
unless the heart failed there was httle evidence of the hypertrophy except by mdiologj*' 



320 


ASSOCIATION OF PHYSICIANS 

Dn Snrr.noN thought that tlio simuUnneou*? cqso described by Dn Neale sucRested 
tlmt there wnn tv local opidomic in the area Ho felt that his cases were quite ^like 
bed sores Ho ihouglit tlmt purpura in tlio novv-bom baby might give a duo to the 
Shwartrman phenomenon aa n substance Mas excreted m the urme which was trails- 
forablo to animals 

PnoFEsson R S Aitki k dcscnbcKl, ^\ith two examples, The cbnicol picture of the 
septicaemia and pyaemia due to tnfcchon mth Bacillus funduliformia The charactenstio 
sequence is a sore throat, high remittent fever with prostratmg ngors. plcunsy, 
cmp\onm, and metastatic suppurative arthritis, especially of the sacro ihac joint The 
condition m often fatal The organism can bo obtained bj anaerobic culture from the 
blood or the pus, its growth in one instance was inhibitctl by pcnicillm In both cases 
described, drainage of pus was followed by recovery, the course of the illness in the 
case troatCfJ penicillin was less PC\oro and more protracted 

Dn Dow^ftt snul ho had seen a enso of pneumonia m Bristol from which the 
Bacillus fimduUJonnis had boon isolated 

Tnr Piin.srnrNT thought that this communication put m a pica for anaerobic blood 
cultures Tliov wore \ cry much noglcctwl and miglit often be useful 

The Association liold itsj'lnnanf Dinner at Rhodes House Sm Willtasi GooDE^OTJOH, 
PnoFHKSon Sm Howakd FLonrv , and PnoFESSon Hinshelwood were present as guests 
of the A8‘<ocmtion, and SieAVilliam GooDFNOTTon proposed the toast of *Tho Associa 
tion*, to which the PnnsiDKvr rcphetl Dn iBowonn proposed the health of the 
PnKsrDFNT 


Saturday jl/ornmy, April J3 

Dn WiLLTAM Eva^s, discussing Innocent Heart munnurs, emphasized the common 
incidence of innocent murmurs and of unwarranted cardiac invalidism resulting from 
it Sitoli in\ alidisin could bo pocn m children with restricted activities, recruits exempted 
from mililniw sonicc, and adults denied entr^ into occupations of their choice, or 
rojoclod from onjojnng the socuntj of Life Insurance Ho stressed the need and indeed 
tlio urgency of nssombhng for tins murmur a clinical and cnrdiographic pattern which 
would make its recognition easier and surer Ho outlined a clmical olossifioation 
which had boon obtninctl from a study of 330 healthy subjects nt the London Hospital 
Tlioro wore o clinical groups and each was designated according to its mam ctvmcal 
features The murmur of rccUniny posture was rough and wos confined to^ young 
Bubjocts, it was uncommon after 30 ^ ears and never found after 40 years The murmur 
was not loud and for that reason it was often annulled to auscultation by deep 
inspiration It was loudest m tho reclining posture when a murmur developed m tha 
pulmonary area Tho murmur of upnght posture was common in young subjects and 
tho oldest subject was 43 years It was rough in character It was not loud and was 
best lioard in tlio upnglit posture A loud \ nrioty of innocent murmur was less common, 
but since it was fairly loud it was frequently regarded ns a sign of mitral disease and 
for this reason it gamed in signifacnnco It occurred m young subjects Change of 
posture affected tho distribution more than tho intensity of tho murmur so that m the 
upnght posture it became louder towards the axilla, and towards the base m the r^ 
dining posture Tho jyarastcmal murmur was loud and w as best heard in the fourth 
mforcostal space near tho left border of tlio sternum, but it was ne^er accorapatued by 
a tlirill as is tho case ^vltll tho murmur of ventricular septum defect The murm’^ m 
late systole was loud and rougli m character and occurred nt all ages It could M 
detected easily by clinionl auscultation m that the murmur is placed nearer to the 
second than tho first heart sound The phonocardiogram helped to estabhah this 
clinical classification In tho first four vanoties the murmm* was written m mid systole 
and in late sj^tole in tho last vnnety In none was there a diastohe murmur 


The Prebldekt whs delighted that this communication should have been made before 
the Association He opined that the best way to get a good education m these days 
was to have a diseased heart, avoidance of unnecessary waste of time over games, 
tuition, and tra\ el gave opportimities for mental and spuatual development 


Tin Paul Wo on thought that attention should be paid to the behaviour of the left 
aunL m patients with eystobo murmurs Jn 10 per cent of other^ normal patients 
^th such murmurs there was expansion of the left aunole and a left a-Tis shift m the 

electrocardiogram 
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see how there could be any rpechanioal obstruction in the flow of blood, t3nng one 
pulmonary artery m animals produced no nse in pulmonary blood-pressure Cor 
pulmonale was often associated with gross oedema of the lungs Pure mechamcal 
obstruction was not, he felt, more than an insignificant part of the mechamsm, the 
overload on the heart weis due more to an mcreased output To reduce the output by 
digoxm or venesection did harm, and he had known one such patient killed by the 
mtravenous mjection of digoxm 

Pbofessok Witts asked why there was no compensatory polycythaemia 

Db IRIoMiOHABii rephed that polycythaemia was extremely rare, certainly, but that 
he did not know why 

De CiiXFFORD WHiSON observed that although the right ventricle was enlarged, the 
left was not, and if mcreased output was the essential factor there should, theoretically, 
be an equal load on both chambers 

Pbofessob Chbistte commented on right ventricular failure without anoxia, and 
recalled that one of the ongmal cases of cor pulmonale described had not shown 
cyanosis 

The President noted that some cases of severe emphysema showed papilloedema, 
with promment retmal vessels, and asked if this could be correlated with De Howaeth's 
observations 

Professor Huiswobth asked what was the blood-volume m the ca^es discussed 

Dr PijETOheb said that mild anaemia was common m association with sihcosis of 
the lungs He asked if it would be beneficial to give these patients a mild polycythaemia 
by blood-transfusion 

Db Sohafeb (replying) said that the mechanisms mvolved were still far from clear 
He wondered, particularly, why the venous pressure was raised He had not seen 
papilloedema m these cases, but one patient bad gross retmal haemorrhages without 
any great rise m venous pressure The blood- volume appeared to be normal, and so 
were haemoglobm figures, but a few were below normal Transfusion was nsky, it 
might overload the heart and precipitate failure 

Db C C Ungdey, descnbmg Peripheral nervous and vascular sequels to inpiry hy cold, 
said that cold sensitivity is common after immersion foot Por several weeks there 
IS complete vasomotor paralysis, and the patient’s feet remam hot even when exposed 
naked m a cool room Then, on some days, one or both feet are found to be cold 
Once cold they tend to remam so despite efforts to mduce reflex vasodilatation This 
* algid state’ recurs whenever the feet are cooled below a certam level It persists until 
environmental or conducted heat raises skm temperature above this critical level, 
then vasoconstnotion passes off and the feet warm rapidly Once hot, they tend to 
remam hot, and may be thrust outside the bedclothes , there is often heat sensitivity 
too The onset of cold sensitivity seems to comcide with partial re innervation of skm 
vessels Perhaps adrenalin released at mtact nerve endmgs diffuses to vessels, which, 
bemg still denervated, are sensitized to this mediator, and the condition seems due 
particularly to the combined effects of adrenalin and cold 

The Pbestdent remarked that he had to be careful to keep his hands warm m 
Oxford , he even had to worm the newspaper or Ins hands remamed cold tfll midday 

Db HoMichaeu said that m the case of old poliomyelitis patients a hmb hanging 
down became blue, and m a patient whose median nerve had been cut, and whose 
fingers m that area of supply had denervated vessels, the hand was warm but cyanotic 

Dr BtTLMER obseri’^ed that whereas the Navy had made important contributions to 
this subject, the Army m the recent war had made none Frostbite had been a scourge 
m the previous war, but that although the Army m Europe had campaigned through 
the worst winter m memory, there had been practically no frostbite Tlus, ho was sure, 
was due to better foot discipline and better boots, because other armies m the field had 
suffered much more severely from frostbite 

Db TAVTiOB pointed out that in frostbite actual ice crystals formed m. the tissues, 
whereas m immersion foot this was not so B[e had seen a case of what was virtually 
immersion foot in a Lanarkshire bus driver 
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Enlnreomont of tho l.enrt ond vc^^olfl. in n joi.ng man mth n sl.ort lustory, was more 
lilcoly to bo caused bt malignant than bv benign hyportonsion Tlio enlareoment was 
dcgonomtu o rnthor than n tnio muscular hypcrtrophj The efTccts of prolonged bemoi 
hypertension mipported SmADOLPiii Ann.\itA3i8’fl vio\r ^ fa y 


Dn \AjriTTrr dcscnbiKl tlio tnRo of nn undorgraduato v^ho foil off his bicycle and 
died, jn %^Iioni n careful post-mortem examination was done and tho results reviewed 
otlior pathologists TJio lionrt (AiJnch ho showed) weighed 770 gm The thyroid 
x\eigh<Kl 30 gm , a finding of doubtful Bipnificanco Sections of tho heart showed hyper 
tropli> ^othIng abnormal was found in any of tlio other organs Tho young man 
was 11 long distnnco cvclmt, but had not plajcd games OTccssivoIy at school The case 
had been pubbsbod m the Ixincct m 1034 


PitorKsson Nixon thought timt long distance porformors did start with a little bitm 
hand Thoj had a lo\% B\stolio blood pressure In insurance work it was often found 
that if a %oung man Iind n fi\stohc prassiiro of under a 100 mm ho turned out to be 
n long-<hstnnco nlideto Pjiorz^son Nixov thought it was a natural endowment In 
tho case of a momlicr of tho Alpine Club wlio died at tho ago of 03 \ear8, having been 
a good climber o\or tho ago of 80 years, whoso blood pressure was 120/80, no cardiac 
by portrophy' as found 


Dn Paukinson asked nliother tho hearts of athletes wore really’' enlarged He got 
that impression from screen ONaminutions Simple bradycardia would make a heart 
appear largo lie belio\ cd that licnltliy athletes lind largo lioarts 

PjtorKSsou JtoNCnrcFT recalled the thesis written by^ a student, who rowed, on the 
of liis own licart during training After tho boat race, and fortlirce years after, bis 
apex bent had cnlnrgcil outward Ij inches It took two years to return to normal It 
might Im\c been cither hy’pertrophy’' or dilatation, there was no doubt that it was 
enlargement 

Dr SuARrp Y-ScnAi r r, considering forms of stress other than phyTsical exercise, 
pointeil out that tho licnrt enlarged ns a result of arteriovenous anoury’^m This had 
been sliowm to bo duo to increased output If one assumed that an athlete rowed for 
two hours n week, tlio lienrt associated vitli on arteriovenous nneurysm did 10 times as 
much work It would need cxtraordmaiy violent and prolonged exercise to produce 
a compornblo o\ or- work 

Dn JrN*^ER Hoskix said that since jMarathon runners tended to have large hearts, 
slow pulses, and low blood pressures, it looked ns tliough they had naturally a special 
ty^po of licnrt 

Sm AnoLriiF Abrahams agreed about tho findings m Marathon runners, but un 
fortunately neither radiology nor clinical observation were free from fallacy He and 
Dr, Bimjmwell liad examined tho same athletes m Amsterdam, but did not agree m 
their findings 

Dr S HowAnTiT (introduced by Dr McMichael), descnbmg The behaviour of the 
heart in emphysema y said tlint tho oxygon saturation of the arterial blood falls m 
tho nev orcr grades of omphyTSoma Clmically, central cyanosis occurs early, followed later 
by signs of heart failure, raised venous pressure, and oedema In both phases cardiac 
output IS increased Terminally, tho systolic blood-pressure falls below lOD mm of 
mercury along with a falling cardiac output Digitalis and venesection, which lower 
right auricular pressure, cause n fall in cardiac output, thus emphysema hearts 
respond to changes in filling pressure like normal hearts, m contrast to low output 
failures (rheumatic, ischaemic, and hypertensu^e), which show a rise m output when the 
venous pressuro is lowered Clinical deterioration is nearly always associated with 
tho fall in cardiac output, venesection and digitalis thus rarely produce clinical benefit 
and may’' do harm The most effective tlierapy^ is by ovy^gen tent, m which patients 
may bo kept for weeks imtil such precipitating factors as bronchitic exacerbations have 
subsided Oxygen therapy” may raise the arterial pressure in tormmal cases Tluoaracil 
m large and continued doses has given promismg results 

Db Md^HcHAEi. added that when the available oxygen m the venous blood was 
reduced the rate of the cumulation moreased, often because of an increase of the filling 
Tirftfisure \^^len this was associated with oedema, the picture tended to be regarded as 
concestive heart failure Tlie capacity of the capillaries m the lung was so 
g^t that even when the total number was reduced by emphysema, it was difficult to 
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Dn Wood enid that tho injection of odronalm lind no ofToot on the hot stage of 
trench foot. * 

Dr Coppman added that Lowis’p * triple response* does not occur in these coses 

Dr BoLA^D desonbed flimilar eases Inch ho had seen m Italy, among South African 
troops m Romo, wliero there was a cold wind and tho men’s foot wore cold by day 
Occnsionnllv a man’s foot would bccomo hyporaomio, and in half an hour the hyper* 
nomia would disappear At night tho foot would bccomo hot and pamful, although tho 
tomporaturo of tho room was constant Tlioro seemed to be no adequate explanation 
of this 

Dr Unolpy (ropl^nng) said that there was some other factor m the skma of old 
pohomychtiR patients besides denervation of tho vessels Tho best demonstration of 
tho diffcrcnco between frostbite and immersion foot was to bo seen in those men who 
wore subjected to cold with thoir foot in water and thoir hands m tho air, they got 
immersion foot and frostbitten hands Even though thoir hands bocame gangrenous, 
thoro was no anaesthesia in tho non gangrenous tissues, and m tho foot there was no 
panpreno, but notable nnacsthosm Tio agreed that adrenalin was inactive during the 
tirbt 10 daj^ Lewis’s ‘triple response’ depended on axon reflexes 

Dr W T Cookp (mtroducod by Dr Pumir Cloake) spoke on Liver therapy %n 
idiopathic stcatorrhoca Ho said that of a group of 40 cases of idiopathic ateatorrhoea, 
31 received liver therapy either orally, parcntcrnlly, or by both routes No effect was 
notc<l with punfied hvor extracts (Anahnomm and Exnmen) and, m general, the 
hnomntologicnl response to more crude extracts was variable and unpredictable, bear 
ing no rolalionship to the presence or absence of magalobloats m tho bone marrow 
Roticuloc> tosis without nso of rod coll count, and vice versa, was observed Only four 
cases rotumed to normal blood levels, though mncroc^ tosis and increased fragility were 
si ill present Sov ore glossitis w as noted arising under liv or therapy, though on occasions 
mQ«?sivo injections of criido hv or did bring about improvement when all else failed No 
quantitative improvement of fat absorption was noted, and radiological abnormalities 
of tho small intestines still persisted after therapy Even though no objective improve- 
ment could bo demonstrated, some patients claimed considerable subjective benefit 
from regular hvor thorapj 

After tho Meeting tho Aesoomtion had luncheon at Sfagdalen College, when Dr Gordok 
HoorES publicly thanked the Colleges and others who had made it possible to hold so 
successful a meeting 
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